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!* EDITOR'S PREFACE 

o 

TpHE value of a knowledge of statistics grows 
every day in the fields of business, govern- 
ment and social work. Most of the books devoted 
1^ to its acquirement are either intricate or too ex- 
^ tended. This book has been written with the pur- 
^ pose of avoiding these diiEculties. Professor 
*^ Bailey has had especially before him the needs of 
^ social workers for a simple book in the statistical 
^ field and with the helpful suggestions of Dr. John 
5 Cummings of the United States Department of 
-J Commerce presents a useful book that will fill the 
c^ statistical gap in the National Social Science Series 
to the satisfaction of its readers. 

F.L.M. 
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AUTHORS' PREFACE 

'T'HERE is an increasing number of persons in 
this country who require an acquaintance 
with the elements of statistics. Social workers must 
keep records and prepare reports which give an ac- 
curate and adequate picture of the year's activities. 
Persons in many lines of activity find it necessary 
to gather primary statistical facts, plan tables, tabu- 
late the raw material, and present it to the public 
in such shape that it can be used for intelligent 
analysis and comparison. Many students desire 
some knowledge of the fundamentals of this subject, 
although they may never take advanced instruction 
in it. 

It is to meet the needs along these lines that 
this small volume has been prepared. Wherever 
possible, mathematical formulas have been omitted. 
A bibliography has been added for the use of those 
who wish to pursue this subject further. We would 
express o\ir indebtedness to Mr. Julius H. Parmelee, 
Statistician of the Bureau of Railway Economics, 
for his advice and suggestions throughout the prepa- 
ration of the manuscript 

W. B. B. 

J.C 
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CHAPTER I 

IMPORTANCE OF STATISTICS 

TpHE principal use of statistics is to interpret 
large groups or series of numbers. Pages of 
figures are bewildering to the average reader who 
is interested primarily in the lessons to be taught 
by these columns. He has been told that anything 
can be proved by figures and at the sight of a dis- 
concerting array of them he is quite ready to be- 
lieve it. Notwithstanding the discredit which is 
often cast upon statistics, they are being used more 
and more, and the number of statistical investiga- 
tions which are being conducted in this country is 
quite appalling. 

Statistics are, in fact, the language in which so- 
cial conditions are accurately described and social 
laws accurately" stated. It is the function of the 
' statistician to write and to interpret this language 
which is becoming the universal language of the so- 
cial sciences. Men of various occupations and in- 
terests are called upon to conduct statistical investi- 
gations or to interpret the statistical results of such 
investigations. A knowledge of the methods and 
value, of the limits and capacity of statistical inquiry 



h. Google 



2 Statistics 

was never so essential as at the present time. Min- 
isters are making surveys of their parishes, philan- 
thropic organizations throughout the country are 
expected to keep records of their activities and to 
present the results of these activities in statistical 
statements at their annual meetings. Large corpon- 
tions require in tabular or diagrammatic form sum- 
mary statements of the results of past and present 
business activity. City, state, and national govern- 
ments are turning out each year bulky volumes oi 
statistics, and economists, sociologists, health ofB- 
cials, and magazine writers undertake to determine 
for their own guidance and to interpret for the pub- 
lic the meaning of this accumulating mass of data 
In view of this general resort to statistics by those 
who have had no special training in statistical meth- 
ods, it is not surprising that statistics have been fre- 
quently misinterpreted and that wrong methods 
have been frequently employed with the result thai 
statistics in general have been discredited. Since 
therefore, so many classes of persons are callec 
upon to use statistics in some way, it is essentia 
that they acquire some knowledge of the elementarj 
principles which must be observed in every instanct 
of statistical inquiry. 

Reliability of Statistical Data 

In any study which is to be based upon statisttca 

material already available in published form, th* 

reliability of the data available must be carefully 

determined. 

Statistics are perhaps most frequently used whet 
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-*' persons consult an almanac or work of reference 
'^ for desired information upon some subject. The 
^" principal danger in this use of statistics lies in giv- 
l'' ing equal weight to all figures regardless of their 
'™ source and value. An examination of the sources 
in- .i^,,iii commonly develop the fact that some of the 
■"I" ' figures have been taken directly from official publi- 
™ cations and can therefore be trusted, while others 
™| are little better than estimates of uncertain origin. 
5 In every case the figures shotdd be traced to their 
^ source, to determine whether or not it is such as to 
'^ inspire confidence. In some cases where the figures 
^ are found to be accurate, the number reported may 
^ be too small to warrant ,(lrawing a conclusion from 
^ them. 

"' In every case, also, it is well to read the text ac- 
^ companying a table to determine the exact meaning 
"■ of the figures. It will often become apparent that 
'' two sets of figures which it was hoped to compare 
^ were not gathered under such circumstances as to 
•j render comparison possible. Thus, the statistics of 
'' the value of imports in one country may include the 
^ amount of import duties, which in another country 
^ will not be included. In some countries the num> 
' her of births includes still births, while in others 
' this is not the case. Some figures may relate to cal- 
' endar years, while others may refer to fiscal years 
' ending on March 31, June 30, or September 30. 
* Seasonal differences in conditions may render a 
^ comparison of fiscal and calendar years extremely 
inaccurate. Before the attempt is made to compare 
' figures they must be proven uniform. 
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There is, fortunately, an increasii^ tendenty on 
the part of officials to acknowledge the fallilnlity of 
figures collected and published by them, and to en- 
deavor to measure the probable error. Thus census 
figures with r^ard to the distribution of popula- 
tion according to sex are quite accurate, while sta- 
tistics of the distribution of the population by single 
years of age are admittedly inaccurate. Official and 
unofficial tables frequently carry footnotes or ex- 
planatory matter to the effect that the probability 
of error in the figures is sufficiently great to require 
extreme caution in their use. It may be noted that in 
many lines financial and trade statistics are more ac- 
curate than social statistics. Even where a student 
approaches a statistical problem with an open and 
unbiased mind he is certain to make mistakes if he 
does not carefully consider the reliability of the 
data. The results reached by a biased writer are of 
course certain to be in a much greater degree er- 
roneous. He is searching for figures which will sup- 
port his contention, and wherever he finds such he 
is disposed to give them credence irrespective of 
their authority, while he may overlook or view with 
suspicion equally authoritative figures which do not 
support his ailment. The conclusions of such 
a writer are those of an advocate, not those of an 
investigator. 



h. Google 



THE FIELD OF STUDY 

"IIT^HILE in the case of any given inquiry it may 
be found that the raw material for the study 
has already been collected, tabulated, and published, 
obviously all statistical work starts with the col- 
lection of the original data in the field, and in any 
statistical investigation the first point to decide 
is what field to cover and what information to 
secure. 

If the study concerns merely the operations of 
some particular corporation, or the income and ex- 
penses of a municipality, the field is clearly limited. 
If, on the other hand, it be a study of the differ- 
ences in the ratio between the sexes in ci^ and 
country, the scope of the inquiry is less clearly de- 
fined. In most cases, however, what may be called 
the area of enumeration or record to be covered is 
fairly well determined. An organization keeps a 
record of its activities and the range of these activi- 
ties detennines the field to be covered by the rec- 
ords. The records gathered by municipalities, 
states, and the national governments, are generally 
coextensive with their territory. 

In this connection it may be pointed out that there 
are some statistical investigations which, since the 
area to be covered is small, can be made by single 
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individuals or small groups of individuals, while 
others, which cover an extensive territory and re- 
quire the filling out of a lai^e number of schedules, 
may best be undertaken by some constituted au- 
thority. Thus a survey of a small rural community 
or an investigation of living conditions in a few 
congested city blocks may be made by one person, 
but no individual could accomplish an enumeration 
of the population of a large city. 

The advantages of investigation on a large scale 
may be combined with those of intensive work, 
which is possible only on a small scale, by adoption 
of what is called the representative method of sta- 
tistical inquiry. By this method, instead of studying 
the entire area, certain sections which are supposed 
to be representative of the whole are selected and 
carefully studied. If the selection is wisely made, a 
satisfactory result is obtained. The Immigration 
Commission adopted this method in its statistical 
investigation concerning the comparative fecundity 
of the wives of native stock and those of foreign 
birth or parentage in this country. It was impossi- 
ble for the Commission with the resources at its 
disposal to cover the whole country, although the 
raw material was available in the Bureau of the 
Census. It was therefore decided to study the state 
of Rhode Island, the dty of Qeveland and forty- 
eight rural counties in the state of Ohio, and the 
city of Minneapolis and twenty-one rural counties 
in the state of Minnesota. The data for these se- 
lected sections would, it was believed, reproduce 
in miniature the conditions which obtained in the 
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country as a whole, and the results of the investiga- 
tion seem to have justified this belief. 

Where the total number of cases in the entire 
field is limited, however, it is seldom justifiable to 
use the representative method by confining the in- 
vestigation to a selection either of areas or cases, 
since in such instances the whole number of cases 
will probably be none too large to provide an ade- 
quate basis for statistical induction. In a study re- 
cently made in an American city of the girls brought 
before the courts during a few months, the number 
of cases was clearly inadequate for such induction. 
The total number of arrests was small, and the 
paper published to show the results of the investi- 
gation had little more statistical basis than a de- 
tailed study of twenty-seven cases. 

A popular instance of the use of the representa- 
tive method is fotmd in the straw votes taken pre- 
vious to election by newspapers. Individuals chosen 
at random are asked to select the candidate they 
favor, and from the replies received it is hoped to 
divine the probable result of the election. This is an 
example of the representative statistical method, but 
the results obtained from these newspaper attempts 
have not in the past been such as to inspire confi- 
dence in their reliability. 
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CHAPTER III 

GATHERING THE RAW MATERIAL 

C IMILAR problems confront the corporation, 
organization, or department preparing blanks 
for keeping records of their activity, and the per- 
sons responsible for the planning of an investiga- 
tion or for the taking of a census. Briefly stated, 
it is to obtain the maximum of reliable information 
with the minimum number of questions. There are, 
however, certain general principles which should 
govern the preparation of the blanks or schedules. 

/, Preparation of Inquiry Blanks 
(a). — In so far as possible, the blanks should 
call for information which will be comparable with 
similar information obtained as a result of former 
investigations. One great value of statistics lies in 
the fact that it makes comparison possible, and it 
is frequently a waste of time and money to gather 
information which cannot be used for this prime 
purpose. 

(b). — The questions should be clear and intelli- 
gible to the class of people to whom addressed. No 
excuse can justify the sending out of a blank carry- 
ing ambiguous questions to which elaborate notes 
are attached explaining the exact meanii^ of the 
queries. Questions to which an answer of " Yes " or 
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" No " can be given, generally offer but little oppor- 
tunity for confusion, provided the question is dearly 
stated. Where, however, those replying are required 
to exercise a personal judgment, the difficulties in 
the way of securing accurate answers are mudi 
more serious. If users of intoxicants, for example, 
are asked to report whether they are occasional, 
moderate, regular, or excessive drinkers, the value 
of the replies will be inconsiderable, owing to the 
vagueness of the inquiry and to the indisposition 
of drinkers in any case to admit that they are in- 
temperate. In a recent tenement house investigation 
the cellars were reported as "filthy," "very dirty," 
"dirty," "fairly clean," "clean," or "excellent." If 
only one investigator had been engaged in this task 
the problem of classification might have been solved 
with some measure of uniformity, but since several 
investigators were employed the personal equation 
was bound to enter. Even if this difficulty were elim- 
inated to a considerable extent by carefully instruct- 
ing the investigators, it would be difficult so to word 
the report as to make the public understand the exact 
difference between " dirty " and " very dirty," or 
even between " dirty " and " filthy," when applied to 
a tenement house cellar. 

(c), — The value of the information to be gained 
from any inquiry should more than offset the trou- 
ble and expense required to gain it. It might be in- 
teresting to know a great many trivial facts, but 
the expense and trouble required to gather the 
facts would more than outweigh the benefit re- 
sulting from the investigation. It frequently hap- 
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pens that complicated blanks are received by oT^an- 
izations with the request that th^ be filled in and 
returned to some unofficial person in search of in- 
formation. Oftentimes it would seem the persons 
making such requests can have but a vague idea of 
the amount of time which would be required to com- 
plete their schedules. As an illustration of such un- 
reasonable requests, it may be noted that the char- 
itable organizations of one state recently received 
from an individual who was anxious to get a bill 
through the legislature, requests for information 
in such detail that probably not one of the organiza- 
tions could have furnished the information called 
for without keeping its entire office force steadily 
engaged at the task for at least a month. The 
impropriety and futility of such requests are 
apparent. 

(d). — The questions should not be such as to 
excite the suspicion or resentment of the persons 
from whom the desired information is to be ob- 
tained. Inquiries concerning the religion, morals, 
personal habits, income and expenditures of an in- 
dividual are likely to arouse distrust. In 1912 an 
investigation was made of the social condition of 
the inhabitants of several congested blocks in an 
American city. Two questions on a somewhat elab- 
orate blank were certainly ill-advised; namely, 
" How many members of the family were convicted 
of crime during the year 191 1 ? " " Did the family 
receive any private or public relief during the year 
igii? State the amount." Not only did the re- 
plies to these questions possess absolutely no value; 
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but they served to cast discredit upon the entire 
investigation. 

(e). — Wherever the information recorded on a 
blank is of such a nature that various items enter 
into the composition of a total, it is preferable to 
arrange these items in a column rather than side 
by side. In this way the addition of the Bgures is 
facilitated and it is much easier to check the totals 
than if the figures are to be added from left to right 
or right to left. 

(/)■ — Where the person filling a schedule is pre- 
sented with a choice of two alternative answers to 
a question, it should be clearly stated on the sched- 
ule whether the one selected is to be checked or un- 
derlined or the one rejected is to be crossed out. It 
is ustially preferable to have a line drawn throi^h 
the one rejected. 

Where records are made on cards to be preserved 
for future reference, it is advisable to adopt a card 
of standard size. The problem of finding cabinets 
in which they will fit is thus much simplified. In 
some cases cards or sheets of different colors may 
be used. Thus a charity oi^nization society could 
keep its record of resident cases on white sheets, 
and those of non-resident cases on blue. A visiting 
nurse association might keep its general cases on 
white cards and its tuberculosis cases on red cards 
of the same size. This reduces the liability of error 
from filing a card in the wrong case. The number 
or name used as the index in filing the card should 
be at the extreme top in order to facilitate the 
search for a particular card. Cards should be stiff 
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enough to stand erect, and not so thick as to make 
their use on the typewriter difficult. 

2. Fining Out the Schedules 
There are two methods by which the schedule 
or blank may be filled out. One is to send it di- 
rectly to the person from whom the information 
is desired and ask him to fill it out. The other is 
to place it in the hands of an enumerator or investi- 
gator and leave to him the task of entering the in- 
formation upon the schedule. Which is the better 
method for any particular investigation will depend 
upon the nature of the information to be obtained, 
and the number and intelligence of the people from 
whom the information is sought 

If a national association engaged in a certain line 
of work desired to obtain information concerning 
the activity of its local organizations, it is probable 
that a questionnaire would be sent to each organi- 
zation with the request that the blank be filled out 
and returned to central headquarters. Devotion to 
the objects of the organization would probably lead 
most of the local organizations to carry out the 
wishes of the national association in this matter. 

In the case of individuals, however, it is extremely 
difficult to persuade them to fill out and return a 
schedule unless there is some compelling power 
behind the request. The Department of Agricul- 
ture, for example, recently attempted to secure re- 
turns from farmers upon schedules sent out through 
the mails, but found after a persistent eflfort on the 
part of the Department to secure the return of these 
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schedules, that a large proportion of them remained 
in the hands of the farmers. Corporation tax and 
income tax schedules can, however, be handled in 
this way, and the statistics of railways published 
by the Interstate Commerce Commission are com- 
piled from schedules filled out by the companies in 
compliance with a legislative requirement. 

In an enumeration of the population it is more 
satisfactory carefully to instruct an enumerator and 
send him from house to house to collect the desired 
information. This is the census practice in this 
country. Over 70,000 enimierators were sent out 
on April 15, 1910, to record the facts concerning the 
population of the United States. Thirty-two ques- 
tions were asked concerning every person. Most 
of these questions were extremely simple, but in 
some cases it was necessary for the enumerator to 
explain the meaning. It would have been prac- 
tically impossible to obtain this information by leav- 
ing blanks at the houses and calling for them later 
on. In some families there was no one who was 
able to read and write English, and it is certain that 
the blanks would have been inaccurately filled out, 
ignored, mislaid, or forgotten in so large a propor- 
tion of cases that the population returns as a whole 
would have had no value. Where enumerators were 
unable to find persons at home, individual census 
slips were left with the request that they be filled 
out and ready for the enumerator when he should 
call for them, A vast majority of the schedules, 
however, were filled \sy the enumerators. 

At the Thirteenth Census, in the case of those 
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schedules which carried inquiries less simple than 
those upon the population schedule, enumerators 
were advised to deliver the schedules some days in 
advance of the enumeration. This was done with 
the agricultural schedules, since it seemed advisable 
to give the farmer some time for the preparation of 
the replies to the more elaborate questions. It was 
found that in a large proportion of the cases, how- 
ever, the farmers failed to avail themselves of the 
opportunity of becoming acquainted with the sched- 
ule in advance, and that it was necessary for the 
enumerator to spend some time in explaining the 
questions and entering the replies. 

About the only difference between collecting the 
data in an investigation', survey, or census, and 
keeping the statistical records for an organization, 
concerns the time and place at which the cards are 
filled. In an investigation, the blanks are put in the 
hands of the enumerator who goes from house to 
house to record the replies, and the attempt is made 
to gather the information in the shortest possible 
time. The purpose is to obtain a cross-section view 
of society upon a certain date. On the other hand, 
an organization is continually keeping records of 
its activities, and cards are filled from day to day 
as cases appear in the office. In both cases the 
records should be so filed as to make possible future 
reference to any particular card. In an investiga- 
tion covering a city it is perhaps sufficient to file 
away the cards by squares or blocks, but no such 
simple method of filing is sufficient in the case of 
records kept by an ot^fanizatton, since it may be 
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necessary from time to time in any individual case 
to add infonnation to the record as the case devel- 
ops. This requires frequent consultation of the 
records which should, therefore, be so classified and 
indexed as to facilitate the finding of any given 
record without loss of time. 

Since the records of most societies are too elab- 
orate to allow all the information to be placed upon 
a card, it is necessary to keep upon the card sufficient 
infonnation to identify the case, and file the detailed 
information concerning it in another place. The 
cards, therefore, form little more than an index to 
the work of the year. The cards are usually filed in 
alphabetical order in cases, and each card carries the 
number corresponding to the number on the more 
elaborate record. Many organizations find it more 
convenient to use the visible card index rather than 
to file the cards alphabetically in cases or drawers. 
By the visible index the cards are arranged alpha- 
betically upon metal frames so that all the addresses 
are visible at a glance. The cards are so made that 
any information contained on them in addition to the 
name, address, and number of the case can be easily 
consulted. The Rand System and the Index Visible 
are the most commonly used of these filing devices. 
Since the larger records often contain correspond- 
ence, it is advisable to have the folders containing 
them about the same size as ordinary letter paper. 
Large envelopes are sometimes used to hold the cor- 
respondence and record sheets. More frequently 
a piece of heavy Manila paper is employed. This 
should be about eleven and a half by eighteen inches, 
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and so folded that the back edge will extend about 
half an inch above the front edge. At the top of 
the back edge on the projecting half-inch is plainly 
written the number correspondii^ to the number 
upon the index card. The folder is then placed in a 
file or drawer, folded edge down and number show- 
ing. This makes it possible to find any record 
desired in a few moments. 

For convenience In making out the annual report 
of an organization, the cards covering the cases 
which have been handled since the last annual re~ 
port are often kept in a separate file. At the close 
of the year these are put in their proper place with 
the cards of previous years. As an aid in determin- 
ing the character of the work done by the organiza- 
tion, metal signals are often attached to the cards. 
These can be had in different shapes and colors and 
are easily attached to the top of the cards so as to 
project like little flags. Thus, if an organization en- 
gaged in charitable work wished to keep track of the 
principal causes of poverty in the cases with which it 
had dealt during the year, metal signals of different 
colors could be attached to the cards. Green, for ex- 
ample, might mean unemployment ; white, sickness ; 
black, death of the bread winner. It would then be 
possible to tell, by counting these signals, the pre- 
vailing causes of distress during the year. The 
work of counting is made easier when these signals 
are attached at a different point on the top of the 
cards according to the cause, so that the black sig- 
nals are all in one line, the white in another, and 
the red or any other color each in a separate line. 
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CHAPTER IV 

EDITING SCHEDULES 

rDITING is a process preliminary to tabulation. 
-It does not necessarily imply inaccuracies in 
the schedule returns, although inaccuracies, some of 
which can be corrected by the editor, will generally 
be discovered in the process of editing, and in some 
classes of schedules as, for example, in those making 
returns of financial statistics of corporations or mu- 
nicipalities, the correction of errors by editing may 
materially affect the results of the tabulation. Sched- 
ule editing is, nevertheless, even in the exceptional 
cases noted, primarily formal rather than corrective, 
since the schedule data are original, and are not 
subject to material revision where the several replies 
are consistent with one another, except by referring 
the schedule back to the enumerating agency, or by 
initiating a new enumeration. 

The general purposes of schedule editing are to 
insure, in as high a degree as possible, ( i ) accuracy, 
(2) consistency, {3) uniformity, and (4) complete- 
ness in the schedule returns. 

J. Accuracy 

Certain replies may raise a presumption of error, 

and in some cases this presumption may be sufficient 

to warrant investigation and verification. In certain 
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foreign censuses, for example, when a person has 
been returned as over loo years of age, an investiga- 
tion has been made to determine whether the age 
has been correctly stated. The result has always 
been materially to reduce the number of reported 
centenarians. Schedules, or copies of schedules, col- 
lected by mail from manufacturing establishments 
or public service corporations or steam railways, 
after examination in the central office, are frequently 
returned to the reporting agencies for correction, or 
letters of inquiry covering certain points in the 
schedule are sent out calling for correct data. 

Generally, however, the editor must accept the 
schedule as it is presented to him without further 
reference to the enumerating or reporting agencies. 

When inconsistent or impossible replies have been 
entered upon the schedule as finally accepted by the 
central office, it must be edited into consistency ; 
since the process of tabulation, which follows edit- 
ing, exacts absolute consistency from each schedule. 
This editing for consistency may be regarded as 
being in a sense corrective, but it is so only in a very 
limited and special sense, since the scope of the edi- 
tor's authority to revise replies is defined in the 
schedule itself. All schedule replies are equally 
original, and the only evidence competent to justify 
the revision of one reply is the evidence presented 
in other replies. In editing for consistency the 
editor makes such changes only as the schedule itself 
demands, and he exercises Judgment only in deter- 
mining which of two or more inconsistent replies 
shall be accepted as correct. Although in some cases 
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it may be impossible to determine with absolute cer- 
tainty which reply is correct, generally it is true that 
a strong probability of correctness attaches to one 
reply, and there is the further possibility, in cases 
where no probability of correctness attadies to one - 
reply rather than the other, of editing the inconsis- 
tent replies into the "no report" class. 

It is extremely important that the editor should 
understand and observe strictly the limits upon his 
authority to make changes in the schedule, and it 
should perhaps be noted as a minor detail, first, that 
the editor should never make any erasures on the 
schedule which will obliterate the original return, 
and, secondly, that all revisions should be made in a 
distinctive ink, so that the work of the editor will 
always be^ perfectly apparent, since the work of the 
editor itself may be subject to revision and should 
in any case be perfectly distinguishable upon the 
schedule. 

Errors subject to editorial correction in returns 
of financial or accounting statistics arise chiefly from 
misunderstandings on the part of those fiUii^ out 
the schedule, or'from failure to make correct classi- 
fications of returns of income and expenditure in ■ 
constructing balance sheets and in making up finan- 
cial statements. Different practices of accountii^ in 
different concerns and in different municipalities 
must be reconciled so far as possible by editing. In 
order to avoid this difficulty the Interstate Com- 
merce Commission has found it necessary to Impose 
upon railroad and other corporations subject to its 
jurisdiction, uniform systems of accounting, pre- 
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scribing in detail the accounts that shall be kept, 
and defining precisely all items that shall enter into 
the capital accounts and into the income accounts. 
These orders of the Commission, which have been 
elaborated and promulgated from time to time dur- 
ing the past two decades, have been absolutely essen- 
tial as a means of bringing in to the Commission in 
the annual reports from the railroad offices, data 
which was susceptible of tabulation. Prior to this 
action on the part of the Federal Commission, the 
various state railroad commissions had published the 
reports of the railroads, practically in the form in 
which they were made up in the several railroad 
ofTices, and these reports were so various in char- 
acter that compilations of value could not be made 
from them. Where uniform, systems of accounting 
have not been imposed upwi corporations, schedule 
returns of financial data may require considerable 
editing. 

^. Consistency 

In editing for consistency, the first step is to deter- 
mine upon a method of procedure to be followed 
in examining each schedule. Efficient and complete 
editing involves the systematic examination of all 
related replies in a predetermined order of examina- 
tion. This sort of editing is, of course, impossible 
where the replies- are absolutely unrelated to one 
another, and it is impossible as between unrelated 
inquiries on any schedule. It is, for example, impos- 
sible on a population schedule to chedc the age 
return against the sex return, or to check the return 
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of nativity or of country of birth against the return 
of marital condition. But many inquiries are more 
or less interrelated, and in such cases the reply to 
one inquiry determines within certain limits the re- 
plies to other inquiries. Marital condition, for ex- 
ample, may carry certain implication as to age, since 
practically all married, widowed, or divorced per- 
sons are fifteen years of age or older. A native 
obviously cannot have been bom in a foreign coun- 
try — although children bom of American citizens 
living abroad have been classified as natives of the 
United States in order to avoid too great detail of 
tabulation. 

Totals which are inconsistent with constituent 
items shown may be entered upon a schedule, as in 
the case of detail of income and expenditure which 
does not check up with the statement of total income 
and expenditure ; or of detail regarding individuals 
in a family where the total number in the family, as 
stated, does not correspond with the number of indi- 
viduals for which returns are made; or where a 
family budget is incorrectly totaled and balanced. 

Generally inconsistencies are evidence of careless- 
ness on the part of the enumerator, or of misunder- 
standing or ignorance on the part of the person filling 
out the schedule. 

In some cases the inconsistency is not absolute, 
but is of such a nature as to make the return highly 
improbable. The return of certain gainful occupa- 
tions in the case of women and young children, for 
example, while it may be highly improbable, may 
be nevertheless within the range of possibility. It 
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is highly improbable, but not impossible, that a child 
under fourteen years of age is or has been married. 
Generally, if the return is within the range of rea- 
sonable possibility, it must be accepted as correct, 
unless it can be corrected by some other related 
reply. The return that a person was the head of a 
family, and was employed in some gainful occupa- 
tion, together with other detail on the schedule, 
might in some cases justify editing an inconsistent 
age return as " age unknown " on the strong proba- 
bility that an error had been made in recording the. 
age, possibly by omitting one figure in writing the 
age, as in recording a person of the age twenty years, 
as of the age two years. 

Inconsistencies are not always apparent upon ex- 
amination of individual schedules. Replies, which 
upon examination of individual schedules appear 
merely in some degree exceptional or somewhat im- 
probable, may develop a high degree of improbabil- 
ity in the process of tabulation. One instance of 
this sort may be cited. At the census of 1900, it 
was found upon tabulating the returns that the 
number of Negroes returned as "unable to speak 
English" was so large as to be highly improbable. 
This return could not be edited out of the sched- 
ules, because it was entirely possible that any given 
Negro might be unable to speak English, but it was 
exceedingly improbable that the number unable to 
speak English should be so great as developed upon 
tabulation of the returns. Upon examination of the 
schedule used at this census, the probable explana- 
tion of the erroneous returns became apparent. In 
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contiguous columns the schedule called for answers 
to the inquiries as to the person's ability to read and 
to write and to speak English. In the case of 
whites, the usual and correct return to these inquiries 
necessitated writing " Yes, Yes, Yes," and in some 
cases it was " No, No, No." In the case of many 
illiterate Negroes, the enumerators made the par- 
tially incorrect return " No, No, No," instead of the 
correct return "No, No, Yes." In consequence of 
this accidental arrangement of columns on the sched- 
ule, the tabulation relating to ability to speak English 
for the Negro element had to be abandoned. At 
the Thirteenth Census the columns of the popula- 
tion schedule were rearranged, and much more accu- 
rate returns were secured to this inquiry. 

In the construction of schedules it is sometimes 
advisable to introduce overlapping, or even dupli- 
cating inquiries, in order to provide checks for 
important inquiries, where the chance of error is 
considerable, as in the case where the inquiry calling 
for age is duplicated by an inquiry calling for date 
of birth. Inconsistent replies to such inquiries must 
be edited out by examination of other replies, or by 
an arbitrary selection of one reply as being correct. 
This procedure is, however, seldom Justifiable, since 
the disadvantages of complicating the schedule more 
than offset any gain in accuracy in the case of 
individual schedules. 

_J. Uniformity 

Editing for uniformity is required where replies, 

in themselves correct, are variously stated. Editii^ 
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of occupational returns is largely of this character. 
A given occupation may be designated variously in 
different sections of the country, or it may be vari- 
ously returned from each section of the country. 
The return may, of course, be vague and indeter- 
minate, as where a person is returned as a "clerk " 
or a "mechanic" or an "engineer" or an "artist" 
or an "operative." 

In every case it is necessary to determine upon 
occupational designations which will consistently 
group the returns for tabulation. Moreover, since 
the number of occupational employments returned 
in any extensive inquiry may amount to several 
thousand — at the Thirteenth Census some g,ooo 
different employments were distinguished — and 
since many of these employments are each of them 
common to many different industries, and since oc- 
cupational returns are frequently tabulated by indus- 
try as well as by occupation, some scheme of 
arbitrary symbols must generally be devised for 
editii^ the occupational returns into uniformity for 
tabulation. Commonly, the industry and the em- 
ployment returned are designated by a simple com- 
bination of letters and figures, new symbols being 
assigned to each new employment discovered in the 
process of editing. The tabulation is then made 
mechanically from the symbols which have been 
edited on the schedules, in any combination that 
seems advisable when the editing has been com- 
pleted. After tabulation the occupational designa- 
tion is substituted for the symbol. 

A minor instance of editing for uniformity is 
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found in the rounding out of numbers to be stated 
in hundreds or thousands, instead of units, or in 
full units instead of in fractions of a unit. This is 
done where the character of the data does not war- 
rant a statement varying by small units, or fractions. 

4. Completeness 
Editing for completeness also is formal rather 
than corrective. This sort of editing may consist 
either in entering upon the schedule derivative data, 
or in entering replies to inquiries which have not 
been answered. Not infrequently, especially in 
schedules calling for financial data, percentages or 
other derived figures are required for tabulation 
which are not specifically called for in the schedule. 
These must be computed in the statistical office and 
edited on the schedule. On the other hand, replies 
called for by the schedule may be omitted, and these 
must be supplied, since for purposes of tabulation 
a definite reply must be entered on the schedule 
for every inquiry calling for a reply. Where no 
specific reply is indicated by other data on the sched- 
ule, the reply edited in must be " no report," " un- 
known," or some similar entry. 
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\\T HILE tabulation is a final process in the com- 
pilation of statistical data, it controls, or 
should control, the whole procedure in any statistical 
inquiry. 

I. Scheme of Tabulation 

The general scheme of tabulation is necessarily 
implied in the schedule, in so far, at least, as regards 
the primal or basic tabulations. The schedule should 
be formulated with reference to these tabulaticms 
and should be constructed to produce precisely the 
data called for in the scheme of tabulation. No 
questions should be entered upon the schedule which 
are not embraced in the scheme of tabulation, and 
obviously none should be omitted which .the scheme 
of tabulation embraces. 

While, therefore, tabulation is a final process, the 
formulation of the scheme of tabulation should be 
the initial process, preceding even the formulation 
of the schedule, which should be determined by the 
character of tables to be produced. 

Failure to observe this fundamental principle in 
statistical practice, perhaps more than any other 
characteristic, distinguishes the work of the ama- 
teur from that of the expert, the work of the 
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untrained social investigator from that of the ex- 
perienced, scientific statistician. The amateur in- 
vestigator constructs his schedule to cover his 
interests, frequently with disregard of the specific 
requirements of tabulation. The trained statistician 
constructs his schedule to cover a formulated scheme 
of tabulation, and tor him each inquiry represents 
a defined numerical aggregate, a column or a line 
of figures, a table or a series of tables. 

It should not be inferred from this that the statis- 
tician may not professionally entertain social inter- 
ests, or that social interests do not underlie his 
numerical aggregates. Such interests, in fact, in- 
spire all scientific statistical inquiry; but given any 
social interest with reference to which statistical 
inquiry is to be undertaken, the statistician proceeds 
to formulate in detail the statistical statements in 
which the results of the inquiry must be presented. 
Of such statements in the case of any inquiry usually 
a very considerable number may be devised, more 
or less pertinent and significant but differing in 
some degree from one another, and callii^ for spe- 
cific forms of schedule inquiries. Among these a 
selection must be made prior to the formulation of 
the schedule, if the schedule is to be perfectly con- 
formed to the special requirements of tabulation. 
If it is a question of family income, for example, 
tabulations may be devised classifying incomes by 
amount, size of family, nationality or race, number 
of breadwinners, age and sex of breadwinners and 
of other members of the family, city districts, occu- 
pation and industry, number of rooms in dwelling. 
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average income per week or month, fluctuation in 
actual income per week during the period covered, 

constancy o£ employment of breadwinners, and by 
many other characteristics of families, occupations, 
breadwinners, dwellings, and communities. As a 
basis of tabulation, it is not sufficient that accurate 
data shall be obtained relating to any or all of these 
several characteristics, since the data may be entirely 
accurate and comprehensive and be nevertheless 
entirely incapable of tabulation. The classifications 
to be made in the tabulations determine specifically 
what inquiries shall be entered upon the schedule, 
and the precise terms in which those inquiries shall 
be expressed ; whether, for example, income during 
a specified period shall be stated by weekly, monthly, 
or annual rates or amounts or averages. In a word, 
where the procedure is in accordance with correct 
statistical practice the scheme of tabulation deter- 
mines specifically the precise character of the sched- 
ule inquiries. Tabulation is in every instance the 
final test of value for each inquiry upon the sched- 
ule, those inquiries only being justified which in 
tabulation produce numerical aggregates of signifi- 
cance. 

In official statistical work, where inquiries cover- 
ing specific fields are recurrent at regular intervals, 
the process of improving the character of the sta- 
tistical compilations is largely one of refining the 
schedule so that it will produce precisely the data 
required for the compilation of tables of which 
every detail has been defined by past practice and 
tradition. Under such conditions, to gather more 
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or less data than is required for the established 
scheme of tabulation is a futile expenditure of public 
money, and in any statistical inquiry, official or 
unofficial, from the point of view of statistical ex- 
pertness it is a serious blunder to enter the field of 
inquiry with a diffuse and over elaborated schedule, 
which, in proportion as it exceeds the requirements 
of tabulation increases needlessly the labor and cost 
of securing the data required, and may even be an 
occasion of inaccuracy in the essential returns. 

An illustration of the controlling influence of tab- 
ulation over the whole process of statistical com- 
pilation is found in the development of the statistical 
work of the Interstate Commerce Commission, The 
early reports rendered annually by the railway com- 
panies to the Commission in accordance with the 
law, were accurate accounting statements covering 
the financial condition and operations of the com- 
panies. But these statements represented diverse 
systems of accounting, and the units of statistical 
compilation in them were not uniform in character. 
Each company put its own interpretation upon such 
terms as trackage, tonnage, maintenance expendi- 
ture, capital investment, betterments, depreciation 
charge, net and gross earning, and income. These 
various accounting systems and interpretations of 
terms largely invalidated any compilations made of 
the data, and to meet the requirements of statistical 
tabulation the Commission imposed upon the rail- 
way companies a uniform system of accounting, and 
promulgated its own definitions of terms descriptive 
of physical plant, operation, investment, income, ex- 
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penditure, and earnings. The elaboration of these 
systems of uniform accounts and reports to provide 
for definite tabulations occupied experts for more 
than a decade. 

In this connection, the practice of the Bureau of 
the Census also may be instanced as conforming to 
the general principle that the schedule must develop 
out of the scheme of tabulation. At each decennial 
census Congress imposes upon the Bureau of the 
Census certain inquiries expressed in general terms. 
The problem confronting the Bureau on these occa- 
sions is not simply to devise a schedule which will 
produce the data indicated in the general provisions 
of the census act, but to devise a schedule which 
will meet the requirements of an elaborate scheme 
of tabulation established in past census reports. 
Such terms as race, nativity, family, illiteracy, school 
attendance, marital condition, improved and unim- 
proved farm acreage, tenancy and home ownership, 
must be spediically defined not in legal or general 
terms, but in terms of tabulation units. The nativ- 
ity tabulations, for example, are represented on the 
schedule by the inquiries calling for state or country 
of birth of each person enumerated, and of the 
father and mother of each person enumerated. The 
detail called for is determined by the scheme of 
tabulation, and under a different scheme of tabu- 
lation for the nativity data the form of inquiry 
would necessarily be different, calling for greater 
or less detail according as more or less elaborate 
tabulations were contemplated. 

In any field of statistical inquiry in which a gov- 
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emmcnt bureau or a private organization under- 
takes at regular intervals the collection of data, or 
maintains a service for the continuous recordit^ of 
data, the scheme of tabulation should be definitely 
established and the schedules of inquiry or of record 
should, after an initial period of experience, be 
perfectly adapted to the special requirements 6f that 
established scheme. Where, however, an inquiry 
is initiated in a new field, and in cases where the 
investigation is unique and not continuous or recur- 
rent, it will seldom be possible to forecast the re- 
sults of the inquiry with such a degree of precision 
as will enable the investigator to determine upon all 
the details of tabulation in advance of the inquiry 
and perfectly adapt his schedule to bring in pre- 
cisely the data required. In such cases, experimen- 
tation may be entirely justifiable and inquiries may 
be included in the schedule in the hope that data 
may be secured sufficiently accurate and complete 
to warrant tabulation. This hope may -be disap- 
pointed, and it may be found when the schedules 
Have been examined and edited, that the data ob- 
tained under certain inquiries are valueless for 
tabulation. In such cases the data must be dis- 
carded, even though there be no technical difficulties 
in the way of tabulation. 

It is, in fact, generally, if not always, quite pos- 
sible mechanically to tabulate data which are essen- 
tially valueless and, if tabulated, even mendacious. 
There are undoubtedly cases where the futility of 
an inquiry becomes apparent only during the prog- 
ress of the investigation, or even after the sched- 
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ules have been edited. In all statistical inquiries 
de novo, especially, and in all unique, as distin- 
guished from recurrent or continuous investigations, 
the scheme of tabulation should, therefore, he care- 
fully reconsidered after the schedules have been 
edited, and the character of the data is finally de- 
termined. The degree of incompleteness, inaccu- 
racy, and vagueness characterizing certain replies 
may necessitate a material modification of the origi- 
nal scheme of tabulation. 

The difficulty of forecasting the results of an 
inquiry and the possibility, or even probability, that 
the scheme of tabulation as determined upon in 
advance will require revision when the data are in 
hand, does not, however, relieve the investigator 
of the responsibility for devising some scheme of 
tabulation in advance. Unless there is at least a 
fair prospect of securing data for tabulation under 
any given inquiry, it should not be entered upon the 
schedule, and the justification of every schedule in- 
quiry must be found in the provisional scheme of 
tabulation. 

Unless such a scheme is perfected, and the sched- 
ule devised with reference to it, the data will almost 
inevitably prove to be seriously defective for pur- 
poses of tabulation, since tabulation, as has been 
noted, requires not simply accuracy and complete- 
ness in the returns, but a very specific sort of accu- 
racy. Returns of wages may be accurate, and yet 
be untabulable, and they will almost certainly be 
defective for any sort of tabulation whatever, unless 
they have been secured under some definite scheme 



h. Google 



Tabulation 33 

of tabulation. This scheme will necessarily deter, 
mine precisely in what terms wages shall be re- 
ported ; whether in rates, or in amounts earned, per 
hour, day, week, month, or year, for full time ot 
for time worked, including or excluding overtime 
work, including or excluding board or lodging or 
other items. Statistical tables are essentially spe- 
cific in their meaning, and they require data that 
are uniformly specific in the same kind and degree. 

The provisional scheme of tabulation necessarily 
embraces all possible replies to each inquiry entered 
on the schedule, and in initiating any statistical 
inquiry the number of possible replies to each in- 
quiry, and the nature of the replies, should be care- 
fully considered as units of tabulation. 

Every inquiry implies at least two replies, and in 
many instances the number of possible replies is 
limited to two. AH inquiries calling for a "Yes" 
or " No " answer are of this character : such, for 
example, as the inquiries on the population sched- 
ule relating to illiteracy (Can the person write?) ; 
school attendance (Has the person attended 
school ?) ; and unemployment (Was the person at 
work on April 15?). Other inquiries which do not 
call specifically for a " Yes " or " No " answer may 
nevertheless admit of only two replies, and might 
in all such cases be thrown into a form calling for 
a " Yes " or " No " reply. Such an inquiry is that 
relating to the blind and to the deaf and dumb. In 
the case ot these inquiries blind persons are re- 
turned as blind, and deaf and dumb persons as 
such, no entry being made in th&«e schedule columns 
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for persons who are not blind and are not deaf and 
dumb. In these cases blanks on the schedule indi- 
cate in one case that the person was not blind, and 
in the other not deaf or dumb. Such inquiries, it 
may be remarked, constitute exceptions to the state- 
ment above that all inquiries call for at least two 
replies, unless the blank is regarded as being con- 
structively a reply. The blind inquiry might take 
the form, "Was the person blind in both eyes?" 
If it were in this form, an entry on the schedule 
" Yes " or " No " would be called for in the case 
not only of blind persons as being blind, but of all 
persons enumerated as either blind or not blind. 
Obviously this would add materially to the labor of 
enumerators. Other inquiries admitting of only 
two replies are those relating to home ownership 
(Is the home owned or rented? Free or mort- 
gaged? Farm or house?) ; citizenship (Was the 
person naturalized or alien?), and to sex. 

In the case of certain inquiries admitting of only 
two replies, a blank space or omission of any reply 
is constructively a third reply. Such, for example, 
is the inquiry relating to Union and Confederate 
veterans, where an entry must indicate a survivor 
of the Union or of the Confederate army or navy, 
and the blank indicates that the person enumerated 
was not a veteran. This inquiry admitting of only 
two replies, distinguishes three classes of persons 
— Union veterans. Confederate veterans, and per- 
sons who are not veterans. 

In the case of one occupational inquiry (Is the 
person an employer, an employee, or working on 
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own account?), the number of possible replies is 
three. In the case of the marital condition inquiry 
it is four — single, married, widowed, or divorced. 
In the case of the age inquiry, calling for a state- 
ment of age by single years, with detail by months 
for children under two years of age, the number of 
possible replies exceeds one hundred. In the case 
of the nativity inquiry, calling for a statement of 
the state, territory, or country of birth, it equals 
the number of geographical areas defined as states, 
territories, or countries ; and in the case of the in- 
quiry calling for a specific statement of occupation, 
the number of possible replies amounts to several 
thousand. The occupational designations developed 
in the primary editing of the Thirteenth Census 
occupation returns were reduced by several thou- 
sand in tabulations by combinations of similar em- 
ployments. Although the number of replies which 
will be made to other inquiries, such as those relat- 
ing to duration of present marriage, number of 
children bom and surviving at date of enumeration, 
year of immigration to the United States, and 
mother toi^e, cannot be precisely determined in 
advance, maximum and minimum limits can be 
designated. 

In the case of other inquiries differing essentially 
from those of the Census population schedule — 
such as those calling for a statement of amount of 
capital investment, income and expenditure of cor- 
porations, number of employees, tonnage of differ- 
ent commodities moved by carriers, quality and 
value of imports or exports, number of farm ani- 
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mals of different classes, acreage of improved land 
in specified crops, number of pupils enrolled in 
public schools, revenue and expenditure of munici- 
palities — the number of possible replies is indefi- 
nitely great, and may equal the number of individual 
schedules. 

It will be noted that in the case of certain in- 
quiries, even of some admitting of a large number 
of replies, all admissible replies are known and can 
be written down before the investigation is initi- 
ated. In the case of other inquiries, including those 
under which are reported aggregates of number or 
amount, although the exact replies cannot be deter- 
mined in advance, the units enumerated are entirely 
simple in character, and constitute in the i^^egate 
simple categories of data. In one class of inquiries 
each reply enters into tabulation as a unit, as repre- 
senting an illiterate or a literate person, a child 
attending or not attending school, a person able or 
not able to speak English or some other language, 
a person employed or unemployed, a male or a 
female, a single, married, widowed, or divorced 
person, a person of a specified age, a person bom 
in a specified state, territory, or country, a person 
working at a specified occupation, a blind or deaf 
and dumb person. In the second class of inquiries, 
the unit of number, value, or amount is an undif- 
ferentiated simple imit, each schedule reply repre- 
sentit^ not a single unit, but a statistical i^^egate 
of such units. 

Thus, two general classes of statistical inquiries 
may be defined, as indicated above, namely, (i) 
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those JQ which single units are returned in cate- 
gories set up in the inquiry itself, and (2) those in 
.which simple units are returned in aggregates. 

As regards inquiries which set up categories in 
the schedule returns, it is to be presumed that these 
categories have, except in cases where they are ex- 
ceedingly numerous, been definitely determined 
upon in advance, and that they are dearly implied 
in the schedule inquiry itself. The census inquiry 
relating to sex clearly implies either "male" or 
"female," as the only reply admissible, and the 
inquiry relating to marital condition clearly implies 
as the only reply admissible in case of known mari- 
tal condition, either " single," " married," " wid- 
owed," or "divorced." For such inquiries the 
tabulation classes are determined, since these classes 
must correspond with the categories of the schedule 
data. The primary sex tables will distinguish two 
classes, the marital condition tables four, the age 
tables one hundred or more, the nativity tables as 
many classes as there are nativity areas, and the 
occupational tables as many as there are occupations 
reported. In each case the primary tabulation 
process is 3 process of finding aggregates for the 
several categories, the number in each class, by 
summing up the units reported on the schedules. 

As regards the second class of inquiries, those 
retumii^ ag^re^tes of simple units, each inquiry 
represents not several, but one single class in the 
tabulation scheme — passenger train mileage, acre- 
age in cotton, dairy cows, capital invested, value 
of product, cost of materials, bushels of com, or 
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other a^regate specified by the inquiry. The pri- 
mary tabulation of such returns may be a simple 
summing up, in this case a summing up not of units 
by categories, but of schedule aggregates in a single 
category. In many instances, however, the tabu- 
lation may properly be involved by distinctions im- 
posed upon the data arbitrarily. The classification 
of farm acreage, for example, and of all farm data, 
may be subjected to an arbitrary distinction sep- 
arating farms into classes according to acreage re- 
ported by individual farms, aggregates being 
obtained for small farms separately and for large 
farms of specified acre^e. 

The value of tabulations will be largely affected 
by the character of these arbitrary distinctions, and 
only very general principles of guidance to be ob- 
served in making these distinctions can be indicated. 

It is of fundamental importance in devising any 
scheme of classes, that the distinctions shall be such 
as will produce aggregates that are socially signifi- 
cant and only such aggregates. The tabulation 
should not be Involved by merely mechanical dis- 
tinctions which by multiplying classes may obscure 
rather than develop the significance of the data, and 
should not, on the other hand, be so simplified and 
reduced as to blanket or ignore distinctions of im- 
portance. It is sometimes the case in official and in 
other statistics that the mechanics of tabulation in- 
trude upon the data. Under a mechanical differ- 
entiation, age classes may be formed by decimal or 
quinquennial periods only, and significant cleavages 
in the age or structure of the population ignored. 
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Obviously the age classification should recognize 
such important lines of division as the age of legal 
majority, the militia age, the child-bearing age, the 
age of compulsory school attendance, and the age 
limits specified in child-labor laws. Much greater 
detail of age is required for certain periods of life 
— such as early infancy and generally the period of 
adolescence — than is required for other periods. A 
merely mechanical tabulation by age periods of uni- 
form deviation does not satisfy these requirements. 
Such a grouping will be, over considerable life pe- 
riods, too detailed for convenient utilization, and 
over other periods too broad to develop significant 
totals, although in the primary-age tables, of course, 
groupings by uniform periods of one, five, and ten 
years, are essential as well as the irregular group- 
ings indicated above. 

A second general principle of tabulation classifi- 
cation may be noted which is frequently of prime 
importance. In every instance, so far as possible, 
comparability of the date with corresponding data 
in other similar inquiries, past and present, should 
be preserved. In some cases an obvious improve- 
ment in classification may wisely be avoided where 
it involves impairment of comparability, since the 
actual condition at any given time or in any given 
locality may have significance largely by relation 
to conditions which have obtained in the past, or 
obtain at present in other communities, a relation 
dependent upon uniform classifications. 

A third principle involves the extent of the in- 
quiry. The tabulation should not be too detailed 
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for the data. That amount of detail which is war- 
ranted by an inquiry embracing the country as a 
whole may be alt<^^her ins^ificant if shown in 
an inquiry restricted to a small area. The detail of 
tabulation must be, to a considerable extent, regu- 
lated by the number of schedules in hand, so as to 
avoid tables in which the data are spread out too 
thin to carry weight on the one hand, and, on the 
other, tables in which the data are massed in un- 
differentiated a^regates. 

Finally, the detail of tabulation must represent 
fairly the significance of the data and must not 
impose a significance not inherent in the data. A 
classification of cases by race or nativity, for ex- 
ample, implies significance in the racial or nativi^ 
factor, and may be misleading where these factors 
are not, in fact, important or where the several 
racial elements are not fairly represented by the 
schedules. 

In general, it is in making up his scheme of tab- 
ulation that the statistician encounters his most per- 
plexing problems. This scheme must embrace the 
new data in significant categories for the special 
inquiry in hand. It must frequently embrace more 
or less defective classifications established by official 
practice in the past. It must avoid over-refinement 
and over-tabulation, and at the same time provide 
that degree of elaboration which is essential. It 
must observe the limitations imposed by the mechan- 
ical devices for tabulation where the data are to be 
run off on machines, and it must avoid distinctions 
which greatly increase the labor and expense of 
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tabulation without adding proportionally to the 
value of the results. In devising his scheme of 
tabulation, the statistician must, by the exercise of 
what may be called statistical intuition or imagina- 
tion, detect the significance of the unrefined data ; 
he must hold clearly in mind the specific purposes 
of the inquiry, all the processes of tabulation, and 
the precise formal results which those processes 
under the devised scheme of tabulation will yield. 
Even the capacity of the printed page to carry tables 
of different dimensions in the make-up may become 
an extremely important factor, and generally it 
cannot be entirely disregarded. At no point in his 
investigation should the statistician proceed with 
more caution and circumspection, since once the tab- 
ulation is in process under the scheme, revision of 
the scheme is practically impossible, and all subse- 
quent developments are necessarily finally condi- 
tioned and limited. Distinctions which have been 
omitted cannot be introduced, and those which have 
been made frequently cannot be eliminated without 
a very considerable expenditure of labor and time. 

Some technical details of statistical practice in 
tabulation under any scheme of classification may 
be briefly noted, and it should be remarked that 
tabulations are frequently rendered valueless by 
carelessness in respect to these details. 

After the schedules have been edited, they should 
be examined to determine whether the replies to all 
of the questions are sufficiently complete to war- 
rant tabulation. It may appear that certain ques- 
tions have been answered in so small a proportion 
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of cases as to preclude the possibili^ of g^ing 
any dependable information by compilation of the 
data. 

As regards the inquiries to be tabulated, the first 
step in planning the tabulation is the determination 
of the number of different replies made to each 
question. This will govern the number of spaces 
which must be allotted to each question in the classi- 
fication of the replies. A separate space should be 
■ reserved for all replies which are most frequent, 
and, as far as possible, for those of minor frequency. 
It is always possible to combine one or more minor 
groups for purposes of printing after the detailed 
tabulation has been completed, but it is never pos- 
sible to add to the detail of a table without going 
over all of the schedules again. It is advisable to 
show every set of facts in detail at least once, but 
where these are combined with other facts some of 
the detail may be omitted. Thus in a census of 
population it is well to tabulate the ages of the pop- 
ulation by single years, and to publish these detailed 
figures with their distribution by sex and nativity. 
Such tables expose a high degree of error in the 
return of age, but they enable investigators to make 
special combinations of ages not shown in the cen- 
sus tables. When combined with factors of marital 
condition, illiteracy, or occupation, it is suf&cient 
to show the age distribution by suitable age periods.' 
In a table of two dimensions the factor of primary 
importance should be shown in more detail than 
the one which is secondary. 
In most tabulation it is necessary to reserve one 
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space for " all other," and a second for " unknown." 
Even when provision has been made for classifica- 
tion in considerable detail, it frequently happens 
that cases appear which do not seem to fit into any 
category. Such may be thrown into the group " all 
other." While figures may be given in considerable 
detail in one table, it is not always necessary to 
repeat this detail in all tables. Limitation of space 
in printing may make it necessary to unite certain 
groups, or even to include some of the less impor- 
tant groups with "all other." 

It is rarely the case in statistical investigations 
that all of the questions upon all of the schedules 
have been answered. Wherever a question has been 
unanswered, or the reply is too indefinite to permit 
satisfactory tabulation, it must be checked off in the 
*' unknown" column. It is better policy frankly to 
admit, where such is the case, that upon certain 
subjects the replies possessed limited classificatory 
value, than to endeavor to force them into groups 
to which they may or may not properly belong, 
since there is no surer way to discredit an investiga- 
tion than to claim for the results a degree of preci- 
sion and accuracy which does not in fact characterize 
the data. 

Where it is difficult to determine in which par- 
ticular group a case falls, it is advisable to formu- 
late rules to cover doubtful cases and then state in 
a footnote to the table or in the accompanying text 
the method followed. Thus a charitable society 
may desire to classify according to the causes of 
poverty the cases with which it has dealt during a 
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given year. In one case there may have been a call 
for assistance because the lazy, drunken husband 
would not support the family. Should the primary 
cause designated be unemployment or shiftlessness 
or drink? Each case must be studied carefully to 
determine the cause, and a uniform method of clas- 
sification must be followed in all doubtful cases. 
Where several persons are engaged in the process 
of tabulation it is necessary either to instruct them 
carefully in the method to be pursued in tabulating 
doubtful cases, or to refer all perplexing questions 
to one person for decision. This is the only way 
to secure uniformity. In every case the public 
should be allowed behind the scenes, that they may 
appreciate the difficulties of the classification and 
the methods by which they have been met. 

3. Hand Tabulation 

The data for tabulation relating to individual 
cases may be upon separate blanks, each blank rep- 
resenting an individual case, or upon sheets or 
schedules each of which represents a number of 
individual cases. The method of tabulation to be 
followed is, however, practically identical whether 
each blank or schedule represents one or several 
individtials. 

Whether the tabulation shall be made by hand or 
with the aid of mechanical devices depends upon 
the number of cases. In the ordinary investigation 
made by an individual or small group of individuals, 
and in such statistical work as is involved in the 
preparation of annual reports by societies, the num- 
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ber of cases is seldom so large as to preclude tabu- 
lation by hand, and this method is generally em- 
ployed in one-time investigations, such as local 
surveys of social conditions, where investment in 
mechanical equipment would be unprofitable. 

It is necessary at the outset to determine the com- 
binations or classes to be shown, since great econo- 
mies of labor and much more significant results are 
achieved where the data are taken off systematically 
accordii^ to a complete scheme of tabulation, rather 
than by single inquiries independently of one an- 
other. It is not economical, for example, to go 
throi^h all of the schedules in order to distribute 
the individuals according to one variable after an- 
other, since with little additional labor two or three 
different factors may be taken off in combination 
in one handling of the schedules. Thus a hospital 
might desire to show the sex, age, and cause of 
death of the patients who died in the institution 
during a year. These three factors might be tabu- 
. lated separately by going over the schedules three 
times or by going over the schedules once and re- 
cording the replies upon three separate sheets. By 
such a procedure the distribution by sex, by age, 
and by cause of death would be determined, but 
each distribution would be independent of the others. 
The distribution by sex and age of those dying 
from the several specified causes would not be de- 
termined, and this might well be the most important 
fact to be brought out. 

To determine this cross distribution the tabula- 
tion might he made as follows, A large sheet of 
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paper mi^ be ruled into rectan^es by horizontal 
and vertical lines, the horizontal lines being sufii- 
cietitly numerous to provide a space for each cause 
of death, and the vertical lines sufficiently numerous 
to provide a space for each age group which it is 
desirable to show separately. Causes of death 
would be written in the spaces along the left mai^n 
and the age groups in the spaces along the top of 
the sheet. Each rectangle would represent a spe- 
cific cause of death designated in the stub and a 
specific age period designated in the box, and each 
case would be checked off in the proper space ac- 
cording to age and cause of death. The additional 
distribution by sex might be obtained by recording 
males with a blue and females with a red pencil, by 
distinctive checks for males and females, or by 
checking males at the top and females at the bottom 
of each rectangle. It will, in fact, generally be 
found entirely feasible in the ruling off of spaces to 
provide separate spaces for males and females. 

As it is easier to count by fives and tens, it is 
generally preferable in checking to make four short 
vertical marks for four cases and a diagonal mark 
crossing them for the fifth case. Another method 
is to complete each side of a square with four cases 
and draw a diagonal through the square for the 
fifth case. Sometimes four dots are made in a row 
and a line drawn through these four dots for the 
fifth case. 

When the tabulation has been completed, the addi- 
tion is facilitated by countit^ five at a time, and it 
will generally be found convenient to write on the 
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work sheets in the several spaces with a distinctive 
ink or pencil the sum of the checks. In this way 
the skeleton table is formed on the work sheets, and 
the figures can then be added up and down, and 
from r^ht to left, one set of totals being entered in 
a column against the stub, and the other set of totals 
being entered in a line under the box, one grand 
total covering the sub-totals of lines and columns. 
This is an easy way of checking the addition. 

It is possible to tabulate by four variables at once, 
but this is the maximimi number it is well to attempt. 
In the example given, it might be desirable to show 
whites and colored separately for each cause of 
death. In this case additional horizontal or ver- 
tical lines might be drawn, subdividing the rectangles 
for each- cause of death, reserving the upper row or 
the left hand column for whites and the lower or 
right hand for colored cases. The total number of 
rectangles would thus be doubled, and would be 
doubled again if a fifth characteristic were distin- 
guished. Obviously the liability)to error in check- 
ing, in counting, and in summing up totals increases 
rapidly with the multiplication of spaces. 

J. Machine Tabulatton 
When the cases are so numerous that it is out of 
the question to do the tabulation by the ordinary 
method of counting, mechanical assistance is re- 
quired. The first step is to transfer the informa- 
tion from the original sheets to cards of uniform 
and convenient size. This is done by a system of 
punches. The ordinary Hollerith card is six and 
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five-eighths t^ three and a lialf inches in size, and 
is divided into 288 squares. A punch hole in any 
one of these squares corresponds to some fact on 
the original schedule. The card is divided into fields 
arhitrarily, the squares of each field representii^ 
some one category of data. In the work of the 
Popidation Census of 1910, when over 91,000,000 
cards were punched, a hole in one field of the card 
indicated sex ; in another field, age ; in another, the 
marital condition ; in another, the state of birth ; in 
another, whether able to read and write ; and in 
other fields other characteristics. The punching was 
done either by a hand punch or by a punch equipped 
with a key-board somewhat similar to a typewriter. 

As these cards were punched they were filed 
away, and as one comer of the cards was trimmed 
off, it was possible to keep them properly arranged 
with fields exactly superposed on one another. 
When the time came to add up the cases and tabu- 
late them in various ways, the cards were run 
through machines. 

The punched cards were first run through a veri- 
fication machine which threw out all inconsistencies. 
Thus if an operator had made the mistake of re- 
cording a child of six years ae widowed, this mis- 
take would be detected at the start and a correct 
card substituted by reference back to the schedule, 
each card bearing identification punches which 
enable this sort of verification. The cards were 
next run through an automatic sorting machine 
which separated them into certain main classes. 
These machines handle about 300 cards a minute. 
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The sorted cards were then run through counting 
machmes which counted them at the rate of 500 a 
minute. 

The machine counting and cross tabulation in 
combination is effected by establishing electrical con- 
tacts through the punched holes. In the type of 
machine used the cards are placed over a metal 
frame the same size as the card. Underneath each 
square in the card is a hole in the frame containing 
mercury. Above the card as it lies on the frame is 
a corresponding frame which contains a needle cor- 
respondit^ to each possible hole in the card. These 
heedles are attached to springs so that in case they 
touch the card where there is no perforation they 
are pushed back, but wherever there is a hole in 
the card the needle passing through the hole and 
into the cup of mercury establishes an electrical 
connection. By means of wiring these connections, 
it is possible to report a large number of combina- 
tions. 

For each combination there is a separate dial and 
when the cards for a certain ward or township 
have been run through the machine, a reading is 
made from the dials, and the totals in the various 
classificatory groups are obtained by geographical 
areas. 

In some machines the feeding of cards is auto- 
matic. In others the cards must be placed on the 
frame by hand. The automatic machines are capa- 
ble of handling from 250 to 400 cards a mintrte. 
Were it not for these mechanical devices, the prep- 
aration of a work like the Population volimies of 
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the Census with the detailed classifications would be 
out of the question. 

Large corporations are now using cards similar 
to these for keeping track of their records of vari- 
ous kinds. Boards of health and other municipal 
and state agencies, also are comii^ to use machine 
tabulation more extensively. By such methods tab- 
ulation in fuller detail can be undertaken, and the 
work completed much more expeditiously than is 
possible where hand methods are employed, ena- 
bling prompter publication of the report of the 
year's activities. 



LJnniprh.GoOylc 



CHAPTER VI 



XX^HEN the sheets containing the results of the 
tabulation from the schedules accordii^ to 
the scheme of classification have been made up, the 
process of primary compilation is completed. Now 
comes the task of placing this information before 
the public in convenient form. 

I. Importance of Ratios 
The results of the primary compilation should 
generally be published in detail, since these comprise 
the statistical results of the investigation and con- 
stitute the basis of all analytical and derivative 
tables. They are indispensable for many purposes. 
Moreover, the public has the right to know the 
number of cases covered by the investigation, and 
precisely what were the results of each inquiry, 
and this information cannot be withheld without 
discrediting the report. As a general rule a statis- 
tical report should contain all of the data of its 
derived figures, so that a reader may, by performing 
the proper processes, obtain any figure given. This 
is an important check against errors in the report, 
but it is important chiefly because it enables the 
reader to make analyses which, although they are 
not contemplated in the report, may nevertheless 
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be of value. No report can undertake to be com- 
plete in the sense of presenting every analysis that 
is of significance, but every report should be com- 
plete in the sense of presenting the data in such 
detail that any analysis of significance can be made 
by persons interested to develop the data along 
special lines. 

The custom is growing of publishing with the 
detailed figures derived tables which bring out more 
clearly the meaning of the primary tabulations, and 
these derived tables generally embrace various rates 
or ratios. The principal advantage of this sort of 
derivative figure is that it substitutes for two un- 
wieldy numbers one simple number which embraces 
the significance of the two, and at the same time 
facilitates comparisons by speaking in terms of a 
common denominator. 

^. Definition 
Ratio is a general term used to cover certain fig- 
ures which are derived from the numbers obtained 
by tabulation of data, and which are used for pur- 
poses of analysis and interpretation of statistics. 
Ratios, tc^ether with averages, indexes, standard 
units, and frequency distributions, are the language 
in which statistics talk. In this language the mean- 
ing of the a^regates obtained by the process of 
tabulation is expressed and made comprehensible. 
Except as interpreted through these derived figures 
the statistical aggregates obtained by tabulation are 
mute, unrelated, and incomprehensible. The popu- 
lation aggr^ate has no comprehensible meaning 
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except by relation to other aggregates — either of 
population or of some other category of data. The 
accumulated wealth of a country is a sum which 
cannot be comprehended as an absolute and inde- 
pendent fact. But the accumulated wealth of one 
period can be related to the accumulated wealth at 
another period, or to the population, or to the wealth 
of other countries, and certain intelligible conclu- 
sions developed, as, for example, that wealth is 
increasing, or decreasing, relatively to population, 
that it is increasing more or less rapidly in the pres- 
ent as compared with the past, or in one country as 
compared with another. 

The number of deaths (from specific diseases), 
suicides, crimes, persons committed to jails or asy- 
lums, freight cars operated by railways, amount of 
money in circulation, gold held in reserve, crop 
yields in any one year, exports or imports — none 
of these aggregates are susceptible of intelligent 
comprehension stated as simple, absolute, unrelated 
amounts. To acquire signi6cance the number of 
deaths must be related to population, and similarly 
of each other statistical aggregate it is true that its 
relations must be defined in numerical terms. In 
the relation of one statistical aggregate to another, 
the entire significance of statistical compilations is 
determined, and these relations are largely defined 
in ratios. 

Since a ratio is a number expressing the numer- 
ical relationship of one aggregate to another, every 
statistical ratio comprehends two aggregates, (each 
of which has been obtained by tabulation,) and may 
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be written as a fraction. The ratio of seventy-five 
to 150, for example, is one to two, or one-half. Re- 
duced to a percentage, this ratio becomes fifty per 
cent, seventy-five beii^ one-half or fifty per cent of 
150. The ratio of 150 to seventy-five is, of course, 
two to one, or two divided by one or 200 per cent. 

In practical statistical work ratios are commonly 
denominated : sometimes ratios, as the ratio of males 
to females in the population ; sometimes percentages 
or proportions, as the percentage or proportion for- 
eign-bom in the population ; sometimes distributions, 
as the percentage distribution of the population by 
age ; and sometimes rates, as the rate of mortality 
or of natality. 

These figures are all essentially ratios in the 
mathematical sense of that term, the various desig- 
nations being adopted by common usage in statis- 
tical work. Any of them can be expressed as a 
fraction or as a percentage, the percentage being, 
in fact, equivalent to a fraction with a denominator 
of 100. 

Commonly, statistical ratios reduce two numbers 
to the number of one, per unit, per 100, per 1,000, 
or per 100,000 of the other. The ratio of represen- 
tation in Congress, for example, reduces the number 
of population and of representatives to population 
per representative. The density ratio reduces pop- 
ulation and square miles of area to population per 
square mile. The rate or ratio of population growth 
— the increase per cent of population — reduces the 
population increase, and the population at the be- 
ginning of the period, to the increase per 100 popu- 
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lation. The death-rate reduces the number of 
deaths and the population to deaths per i,ooo popu- 
. lation. The ratio of specific mortality from certain 
causes, reduces the number of deaths from a spe- 
cific cause, such as suicide or scarlet fever, and the 
population to deaths per 100,000 population. 

While all statistical ratios are essentially simple 
mathematical statements of the sort indicated, sta- 
tistical practice has established certain usages which 
should be generally observed. Population increase 
might obviously be stated and is sometimes stated as 
increase per unit, or per thousand, or per ten thou- 
sand, rather than as increase per cent ; and the crude 
death-rate might be generally, as it sometimes is, 
stated as deaths per cent of population rather than - 
per thousand. The more common or customary 
form of statement should be used in every case 
where usage has established any given form, unless 
there are special reasons for using a different form, 
and in such special cases a precise description of 
the form used should be given with the reasons for 
adopting it, since unusual ratios are more liable to 
misinterpretation than are the common ratios, and 
are generally inconvenient for purposes of analysis 
involving comparisons with accumulated data ex- 
pressed in conventional terms. 

It may be noted that the conversion of percent- 
ages worked to one point decimal, as percentages 
commonly are in statistical tables, into number per 
unit or per i,ooo is effected simply by moving the 
decimal point. A population increase of eleven and 
two-tenths per cent is, of course, an increase of 112 
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per i,ooo of population. Similarly a death-rate of 
fifteen per 1,000 is a death-rate of one and five- 
tenths per cent. 

Perhaps the chief reason for using percentages 
generally, where other forms have not been estab- 
lished by usage, is found in the fact that percentages 
are more conventional and are, partly in consequence 
of their conventionality, more easily referred to in 
the text than other ratios. A population increase 
is more simply referred to as an increase per cent 
than as an increase per thousand population, and 
similarly the proportion foreign-bom, the propor- 
tion living in urban communities, the proportion 
married, the proportion mulatto are more simply 
referred to as percentage foreign-bom, urban, mar- 
ried, mulatto, than as the number in each of these 
classes per 1,000 population. In writing text deal- 
ing freely with ratios, the fact that the language 
provides a single word "percentage," indicating 
" number per hundred," is a matter of considerable 
convenience. 

Where statistical usage has established some other 
ratio than the rate per cent, as in mortality, natality, 
and marriage-rates, it is for some special reason. 
In the case of death-rates, for example, percentage 
rates involve small fractions, the crude death-rate 
being generally, in a well conditioned population, 
between one and two per cent, and for specific age 
groups only a small fraction of one per cent. It is 
more convenient to state these rates as number of 
deaths per 1,000 population, than as fractions of one 
death per 100 population. 
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In popular writing, percentages are sometimes 
stated as number per loo under the impression that 
this statement is more easily comprehended by the 
reader, or as a means of varying the text, and this 
practice is of course perfectly allowable. 

J. Classification of Ratios 

Statistical ratios may be generally classified ac- 
cording as they express the numerical relation either 
of (a) totals to totals in one category of data, or 
(b) of a part or parts to a total, or (c) of a part to 
a part, or (d) of a number of one category to a 
number of some other category. 

Simple illustrations of these several classes of 
ratios will be found in any statistical report. The 
percentage increase of population is essentially a 
relation of total population at one date to total popu- 
lation at a subsequent date, an increase of ten per 
cent, for example, being equivalent to a statement 
that the population at the end of the period 
amounted to no per loo at the beginning of the 
period. In some instances tables are prepared in 
which the population at the end of the period is rep- 
resented as loo and populations at earlier dates ex- 
pressed as percentages on this base. The percentage 
Negro in the population at any given date is a rela- 
tion of a portion of the population to the total popu- 
lation, the number of Negroes per lOO of total 
population composed of Negroes and other racial 
classes. A percentage distribution by sex, age, or 
racial class, is a relation in each case of the several 
classes composing the population to the whole popu- 



h. Google 



58 Statistics 

lation. The sex ratio, or number of males per i,ooo 
females, is a relation of one class or part of the 
population to another class or part, as distinguished 
from the percentage male, or female, which relates 
the number in each sex group not to the number in 
the other group, but to the total population. Finally, 
the death-rate, birth-rate, marriage- rate, rates of 
criminality, of population density, wealth per capita, 
and many other rates, relate numbers of one cate- 
gory to numbers of another category — in the cases 
mentioned, a relation of deaths, births, marriages, 
crimes, areas, and wealth, to population. Numerous 
other such ratios might, of course, be cited in which 
population is not one term of the ratio, as, for ex- 
ample, the ratio of earnings to investment, or of 
bonded indebtedness to stock outstanding. 

The specific value of these derived figures for 
purposes of analysis and comparison will be obvious. 
. The absolute population increases in two successive 
decades, since they do not in themselves indicate 
whether population was increasing at a more rapid 
rate in one decade than the other, fail to give infor- 
mation relating to population that is of prime impor- 
tance. Even where populations are given together 
with the increases, only very marked changes in 
the rate of growth will be apparent, and these can- 
not be accurately estimated by an examination o£ 
the absolute numbers, unless ratios of increase are 
determined. 

The percentage increases for two decades, on the 
other hand, without any poptdation figures what- 
ever are immensely significant, especially in a coun- 
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try, such as the United States, in which, since the 
registration of births and deaths is very incomplete, 
natural increase of population must be detennined 
by enumeration. At each decade since 1790 the 
population of the United States has increased, the 
absolute increase in each decade exceeding that of 
the decade preceding during the entire period of 
120 years, but the rate of increase in the last half 
of the nineteenth century showed a marked decline, 
which, if continued during the present century, will . 
inevitably reduce the absolute increases, and as re- 
gards certain classes may initiate a stationary or a 
declining state of population. This tendency is not 
at all obvious in the absolute increases. The abso- 
lute increases of the several racial elements in the 
population, also, have in themselves, except as they 
are reduced to rates, comparatively little significance 
as regards the future racial composition of the pop- 
ulation, while the percentage increases for these 
several elements are, on the other hand, full of sig- 
nificance, since they express the increases in terms 
which facilitate comparison of the rate of growth of 
one population element with that of another. 

Similarly, the absolute urban and rural popula- 
tions at the several censuses do not indicate in 
terms which facilitate comparison of one year with 
another, the extent to which urbanization of the 
population has taken place, and whether the drift 
to the cities is, relatively to population growth, in- 
creasing or decreasing, or whether it affects one 
dass more than another. 

In the field of vital statistics, ratios of mortality. 
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natality, marriage, and fecundity constitute in a 
special degree the end and aim of statistical inquiry. 
The number of deaths or births or marriages is of 
significance only when reduced to a ratio more or 
less refined by sex, age, race, occupation, and char- 
acter of the community lived in as urban or rural. 

In a word, the fundamental characteristic of ratios 
is that they state conditions obtaining in any year 
or in several years, and changes in conditions during 
any given period, or succession of periods, in terms 
which facilitate comparison of year with year, of 
period with period, of class with class, of one 
country with another, or along some other line of 
interest. Without such comparisons, statistical tab- 
ulations would be in many fields of inquiry futile 
and valueless. 

Some of the simpler ratios are considered in the 
following sections. 

4. Ratio of Increase 
Comparison of population or amount of accumu- 
lated wealth, or of crop yield in any one year, or of 
any number or amount pertaining to any date or 
period with the corresponding number or amount 
at a subsequent date or for a subsequent period, is 
commonly facilitated by the introduction of ratios 
of increase into tables showing absolute numbers or 
amounts. These ratios express for each period of 
the table the relation of the absolute increase to the 
absolute number or amount. By reducing increases 
in the several periods to common terms, usually to 
terms of increase per cent, the relative increase of 



LJnniprh.GoOylc 



Ratios 6i 

one period can be compared with the relative in- 
crease in any other period, and the relative increase 
of any one number or quantity during any given 
period with the relative increase of any other 
number or quantity. 

Ratios of increase are, perhaps, the most common 
form of statistical ratios, and partly because they 
are a simple and obvious means of indicating rela- 
tive change in numerical aggregates, they are some- 
times employed injudiciously, where other ratios, 
or indexes or averages would ite more significant. 
Nevertheless ratios of increase generally have some 
value even where they are not indicated as the most 
significant derivatives to be determined. 

As a general principle it may be stated that ratios 
of increase are indicated as significant, first, in 
cases where the increase bears a significant relation- 
ship to the base upon which the increase is figured, 
and especially in cases where, as is true of popula- 
tion growth, the increase is what may be termed an 
organic, as distinct from an accidental increase of 
the base itself ; and secondly, in cases where the 
increase, although in itself accidental, is to be re- 
lated to other consequent or concomitant increases. 

A ratio of increase, formally at least, implies 
some such relationship either of the increase to the 
base, some relationship that is not entirely acci- 
dental, or of one increase to another ; and wbere no 
such relationship obtains, the ratios are to that ex- 
tent insignificant or even misleading. The percent- 
age increase during any given decade of the acreage 
of improved farm land in different states, for ex- 
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ample, is in itself of comparatively little significance, 
because the increase in such acreage in any state 
is as regards the area improved at the beginning of 
the decade entirely independent and accidental. The 
percentage increase may be small in a state showing 
a large absolute extension of improved farm area, 
and may be very high in a state showing a small 
absolute extension, since the absolute increase is not 
in any way determined by the acreage improved at 
the beginning of the period. This, nevertheless, is 
one of the two factors determining the percentage 
increase. One of many conditions determining the 
extension of improved farm area is availability of 
land for improvement, and a relation of the increase 
in improved acreage in any decade to acreage un- 
improved and available would have in some respects 
more significance than a relation of the increase to 
acre^e already improved. A percentage increase 
of improved acreage obviously does not indicate the 
rate at which the unimproved land is being taken up, 
or the period of exhaustion of land available for 
improvement — which are facts of considerable in- 
terest. For the country as a whole, however, a 
percentage increase of improved farm acreage has 
an obvious significance when related to the per- 
centage increase of population, since in the country 
as a whole the relative increase of Improved acre- 
age and of population is an important factor deter- 
mining the supply of food and clothing. Much less 
significance attadies to the relative increase of im- 
proved acreage and of population in the several 
states, because the crops of certain states are to a 
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greater or less extent consumed by the population 
in other states. In the several states, however, per- 
centage increases of improved acreage may have sig- 
nificance when related to percentage increases of 
crop yields in these states, or of aggregate value of 
farm products. 

Generally, percentage increases of aggregates of 
which the increase is not organic are in themselves 
naturally barren of significance, and require a rela- 
tion to other concomitant or consequent increases 
to develop significance. Organic increases, on the 
other hand, such as that of population, are naturally 
significant in themselves as measures of organic 
development or growth. 

In every case, the base and the increase should 
be entirely homogeneous. Frequently a slight 
change in the form of a schedule inquiry so changes 
the character of the data that no true increases can 
be determined, and such changes should be avoided 
unless they are absolutely necessary. Ratios of in- 
crease imply perfect comparability of data, and since 
the significance of the data is largely expressed in 
such ratios, the possibility of determining them 
constitutes generally a prime motive for preserving 
comparability so far as this can be done without 
seriously impairing the character of the data. 

5. Distributions of Aggregates 
As in the case of increases, distributions of aggre- 
gates are commonly made on a percentage basis, 
and are relations of parts to the whole which these 
parts constitute, expressed in terms of 100 units 
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of the whole. The employment of percentages is, 
however, purely a matter of usage which is not 
necessarily observed in every case, and does not in 
any case atfect the principles in accordance with 
which distributions should be made. 

These principles are quite obvious and simple. 
A distribution implies a degree of homogeneity in 
the total distributed, and at the same time a differ- 
entiation of parts or classes within the total. 

An illustration of such a total is found in the ag- 
gregate population of a country, which is a clearly 
defined statistical aggregate, composed of many 
clearly differentiated elements. Each individual 
comprised in the a^regate population of a country 
possesses certain fundamental characteristics such 
as' those of sex, age, nativity, race, and marital con- 
dition, any of which may serve as a basis of distri- 
bution. The aggregate of farm animals returned 
on the agricultural schedule, on the other hand, is an 
a^regate which does not possess a sufficient degree 
of homogeneity to justify a distribution by classes 
of animals, showing, for example, what percentage 
of the tot^ number of farm animals are horses, 
mules, asses, cows, goats, swine, sheep, and poultry. 
The aggregate in this case is purely formal and as 
a basis of distribution fictitious. No important sig- 
nificance attaches to its numerical composition, since 
the classes of which it is composed are differenti- 
ated to a degree which constitutes them in them- 
selves independent and unrelated aggregates. 

The differentiation of classes in other aggregates 
developed in statistical compilation may, on the 
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other hand, not be sufficiently well defined to justify 
a distribution either absolute or relative. The classi- 
fication of the Negro population by color, as black, 
mulatto, quadroon, and octoroon, for example, im- 
plies a differentiation which does not in fact obtain 
in the Negro population since this population com- 
prises individuals of mixed blood in every degree, 
from the black with an imperceptible trace of white 
blood to the white with an imperceptible trace of 
Negro blood. In such cases, however, the question 
of making a percentage distribution is secondary. 
If the data are sufficiently accurate to warrant tabu- 
lation by the classes indicated, a percentage distri- 
bution by these classes will commonly be required to 
determine the significance of the tabulated results. 

As a general rule no composition of classes into 
an ablegate on the one hand, and on the other no 
differentiation of an aggregate into classes, should 
be tabulated which does not justify a percentage 
distribution of the aggregate by classes. 

A second principle to be observed in distributions 
is that the aggregate shall be, at least formally, 
completely distributed. A partial distribution of 
the aggregate introduces a margin of error that may 
seriously impair the validity of the entire distribu- 
tion. Where, for example, the replies to an inquiry 
are very incomplete, a percentage distribution based 
upon the total number of cases will understate the 
importance of each class, in proportion as the total 
embraces unknown cases. Where it may be fairly 
assumed that the unknown cases are distributed in 
the same proportion as the known to the several 
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classes, a percentage distribution may be based upon 
the known cases. The unknown cases should, in 
fact, generally be excluded from the base, where 
they are sufficiently numerous materially to affect 
the percentages, 

A third principle involves the number of classes. 
As a general rule it is true that a distribution loses 
definition in proportion as the number of classes in- 
creases. This principle may be illustrated by the 
age distribution. A percentage distribution by 
single years of age involves approximately loo 
classes and the number in each year normally de- 
creases with advancing age. Reduced to percent- 
ages the proportion in each single year of age 
decreases from between two and three per cent in 
the younger ages to a small fraction of one per cent 
in the advanced ages. The differentiation is thus 
restricted to a very small range of variation, lim- 
ited to approximately three per cent in the a^re- 
gate for ^e loo classes. In other words, loo classes 
must be differentiated by lOO percentages dimin- 
ished by small fractions from three as a maximum. 
Moreover, the change from class to class over con- 
siderable life periods, those, namely, in which the 
rate of mortality is low, would be too slight to affect 
percentages worked to one place of decimals. For 
the fifty or fifty-five classes representing the ages 
above forty-five, the numbers in practically all of 
the classes would be represented by fractions of one 
per cent, and for all of these classes the variations 
from one year of £^e to a succeeding year would 
necessarily be defined in exceedingly minute frac- 
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tions. Such fine variations carry no differentiation 
of significance. The absolute decrease from year 
to year is a more comprehensible figure than is the 
minute modification of the percentage. 

While percentage distributions by single years of 
age are sometimes introduced in statistical reports, 
a more effective method of indicating the relative 
numbers in the several ages is to relate the number 
in each year of age, not to the total of all ages, but 
to the number under one year of age. This method 
obviously gives a much wider range of variation 
for the relative numbers, the range being, in fact, 
a range of 100 per cent instead of two or three per 
cent, since the number under one year of age is 
always 100 per cent. On the basis of 1,000 or of 
100,000 — the latter being the more common base — 
the number under one year is taken as 1,000 or 
100,000,- and the number in each other year is in the 
proportion to r,ooo or 100,000 that the absolute 
number in the given year is to the absolute number 
under one year of age. The resultant numbers it 
will be noted are not percentage, or per 1,000, or 
per 100,000 distributions of the total population, but 
are relations of the numbers in each single year of 
age to the number in one selected year of age. 

To make an age distribution of the population 
effective on a percentage, or on any other l»sis, the 
number of classes must be reduced by combining 
single years into age periods of five or ten, or more 
years each. Such a distribution might for example 
show the percentage of the total population under 
fifteen years of age, fifteen to forty-four years. 
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forty-five to sixty-four years, and sixty-five years 
and over — or any other significant age grouping. 
A fourth principle to be observed is involved in 
the nature of distributions, which relate all of the 
several classes to the aggregate of all classes. It 
follows obviously that distributions should be used 
chiefly, if not exclusively, in cases where this rela- 
tionship of the part to the whole is more important 
than some other relationship, such as, for example, 
that of one class to another. In the age composi- 
tion of a population, the relation of the number in 
each year of age to the aggregate population is much 
less significant than the relation of the number in 
each year to the number in other years, preferably 
to the number in the first year of age. Many other 
similar cases are encountered in statistical work. 

6. Relations of Class to Class 
Percentage distributions serve more or less ef- 
fectively the double purpose of relating each class 
to the aggregate, and, through this relationship, the 
several classes to one another, but the relation 
of the classes to one another is not direct. The per- 
centage foreign-bom in the population, when re- 
lated to the percentage native, indicates the relative 
numerical size of these classes, but it does not indi- 
cate relative size so clearly as a direct relation of 
the number in one class to the number in the other 
class, the number foreign-horn, for example, per 
1,000 natives. The percentages foreign-bom, more- 
over, would not register a change in the relative 
number in the two classes so clearly as a direct re- 



h. Google 



Ratios 69 

lationship, since both percentages are changing coin- 
cidently, one decreasing as the other increases, and 
since each class itself enters into the base to which 
it is related, and is to that extent related to itself 
in the percentages. An increase in the proportion 
foreign-bom from twenty-five to fifty per cent, 
would increase the number foreign-bom per 1,000 
natives from 333 to 1,000, doubling the percentage 
being in this case equivalent to tripling the ratio of 
one to the other, A further increase of twenty-five 
in the percentage foreign-bom would increase the 
ratio from 1,000 to 3,000, the ratio being tripled 
in this case by an increase of one-half in the per- 
centage. The percentages of distribution indicate 
changes in the composition of the population, and 
the ratios indicate changes in one class relatively to 
the other. Similarly the percentage mulatto in the 
Negro population relates changes in the number of 
mulattoes to the total Negro population, a base 
which is itself partly mulatto and is, as regards its 
color composition, constantly changing in character, 
while the ratio of mulattoes to blacks relates changes 
in the number of mulattoes to changes in the number 
of blacks, a base which is, as regards its color com- 
position, home^eneous, independent, and unchang- 
ing. The distribution of the population by sex, 
also, as has been noted, relates the number of males 
and of females to the total composed of males and 
females, while the sex ratio relates the number of 
males to the number of females, a relationship which 
is much more significant. 
The employment of ratios showing the relation 
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of one class to another, involves a selection of one 
relation among all the different relations which 
might be shown, and an exercise of judgment which 
is not involved in the employment of percentage dis- 
tributions. It is perhaps on this account that distri- 
butions are more commonly used than ratios in prac- 
tical statistical work. The percentage distribution of 
the population classified according to marital condi- 
tion into four classes, as single, married, widowed, 
or divorced, for example, does not involve any selec- 
tion of relationships among the several classes, while 
the employment of a class ratio would involve a 
selection of one of four possible sets of relation- 
ships, as the one most significant: per i,aoo single, 
the number married, widowed, or divorced respec- 
tively ; or per i/doo married, the number single, wid- 
owed, or divorced; or per i,ocx> widowed, the num- 
ber single, married, or divorced; or per i,ooo di- 
vorced, the number single, married, or widowed. 

The distinguishing characteristic of the class ratio 
is, therefore, that it involves a selection of one 
among several possible relations, and that it is spe- 
cific in its sigruficance ; while the percentage distri- 
bution, since it relates each class to a heterogeneous 
total, is impartial as regards interclass relationships, 
which are all expressed indirectly through relation- 
ship to the total. 

7, Illustrations of Increases, Distributions, and 

Class Ratios 

The characteristics of increases, distributions, 

and class ratios may be illustrated by developii^ 
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such ratios under some simple assumptions such as 
are made in constructing the following table, 
namely, that a stationary population, assumed for 
convenience to be 100,000, composed originally en- 
tirely of foreign-born persons, is isolated and be- 
. comes, in consequence of births of native children 
and mortality in the original population, entirely 
native in the period of 100 years; the increase of 
natives by excess of births over deaths, and the de- 
crease of foreign-bom persons by mortality, in each 
decade being 10,000. Under these assumptions, cer- 
tain percentage increases and - decreases would 
develop in each decade, the composition of the popu- 
lation as regards nativity would be regularly modi- 
fied, and the ratio of foreign-bom persons to 
natives would diminish, as shown in the table. 
(See page 72.) 

It will be noted that the native element, increas- 
ii^ by 10,000 in each decade, shows percentage in- 
creases ranging from 100 in the second decade to 
11.1 in the tenth decade, the decline in the percent- 
age being very rapid in the earlier decades, and 
relatively inconsiderable in the later decades. Al- 
though the native element increased in the first 
decade, no percentage increase can be determined 
for this decade since there is no base upon which to 
figure the percentage. The percentage decreases of 
the foreign-bom element range from ten in the 
first decade to 100 in the tenth decade, the same 
percentages appearing, after the first decade, in the 
reverse order, as decreases for the foreign-bom 
and increases for the native element. In each 
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decade the percentage native increases &nd the 
percentage foreign-bom decreases uniformly by 
ten. 

The number foreign-bom per l,ooo native de- 
creases from 9,ocxj at the end of the first decade to 
139 at the end of the ninth decade, there being no 
ratio of foreign-born to native at the beginning or 
end of the period, when the population is in one case 
100 per cent foreign-bom, and in the other lOO per 
cent native. An increase in the percenter native 
from ten to twenty reduces the number foreign-bom 
per 1,000 native from 9,000 to 4,000 or by 5,000, 
and an equal increase of ten, from eighty to ninety 
in the percentage native reduces the number for- 
eign-bom per 1,000 native from 250 to iil, or 
by 139. 

The proportional change in the ratio is the same 
in both of these cases, although the absolute de- 
crease in the number foreign-bom per thousand 
native, is much greater in the earlier decade, because 
the ratio itself is in that period much greater than 
it is in the later period. Incidentally it may be 
noted that the table illustrates the retardation of 
the rate of increase which, under a succession of 
fixed absolute increases of any amount, tends to 
approach zero as a limit. 

The foregoing table is purely hypothetical, and 
is introduced simply to illustrate the character of 
the several derivatives under consideration. A con- 
crete illustration of the development of such deriva- 
tives may be based upon the population returns of 
the Federal Census. 
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The population of the United States in 1910 and 
1900 was distributed by color as follows: 




PoruLAtlON 


lUcuL Cl*ss 


1910 


1900 


wfi-i.?-."*'::::::;: 


91.972,206 
41S,M6 


TS .094.675 






other colored 


351^85 



For certain purposes this table as it stands might 
suffice, but it does not express any of the simpler 
relationships, of class to class, or of year to year, 
upon which in a great majority of cases the person 
consulting it would desire information. For his 
purpose the absolute number of Negroes in the 
United States in 1910 might be important only when 
related to the total population and reduced to a per- 
centage of that total. He might want to know 
whether the proportion of Negroes in the popula- 
tion was larger in 1910 or 1900, or, stating the 
change in terms of increase, whether the Negro or 
White population had increased more rapidly during 
this decade. These simple percentages should obvi- 
ously be included in the table. 

The percentage of Negroes in the total popula- 
tion in 1910 is 



9^27,763 X 100 _ 



- = 10.7 per cent 
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The correspondii^ figures for 1900 are 
W33,»4>«" 



75.994.575 



[1.6 per c«nt 



These percentages indicate clearly that the pro- 
portion of Negroes in the total population was 
smaller tn 1910 than in 1900; that per 1,000 popu- 
lation, the number of Negroes declined from 116 in 
1900 to 107 in 1910. 

The rate of increase in the Negro population from 
1900 to 1910 is computed as follows: The actual 
increase in numbers was 9,827,763 - 8,833,994 = 
993,769. The percentile of increase is 
993.769 X 100 _ 
8,833,994 

In the denominator is placed the figure for the year 
which serves as a base. In this case it was the Negro 
population in 1900. 

When all of the percentages have been computed, 
the table may take the following form : 





Population 


RacucClam 


■„. 


1900 


Increase 

1900-1910 


Percentue 

Distribution 




Nuniher 


Per 


1910 


190O 
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SST. 
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22.3 
ITil 


0.4 


100.0 

SI:S 

0.5 
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From this table it is aj^)arent at a glance that the 
proportion of Negroes was larger in 1900 than in 
1910, and the additional fact is brought out clearly 
that during this decade the White population had 
increased twice as rapidly as the Negro. 

The population of the United States in 1910 and 
1900 was distributed by sex as follows : 





Y«*. 


PornuTioN 




lCal« 


Female 


IISS:::::::::::::::: 


&S'.ill 


!IS:S 



The absolute numbers are, however, in them- 
selves incomprehensible, and barren of significance, 
except as they are related to one another by the in- 
troduction of derivative figures. A simple develop- 
ment of numbers is given below. 





PotDUTiaR 


YlAl 


Bolh 
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Female 


Hetea 




Number 
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Number 
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te,«i?s 
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ni 


IM-i 



A few simple rules of statistical practice relating 
to percentages may be noted. In determining per- 
centages it is generally advisable to calculate to two 



h. Google 



Ratios 77 

decimal places, but in printing these figures one 
decimal place is sufficient and generally the margin 
of error in the data exceeds one-tenth of one per 
cent. Where the margin of error is large the deci- 
mal may be omitted altogether. Whenever the 
second decimal figure is less than five, the first deci- 
mal should be left unchanged, but whenever the 
second decimal is greater than five, the first decimal 
should be increased by one. Thus, 46.23 per cent 
would become 46.2 per cent and 56.38 per cent 
would become 56.4 per cent. It frequently happens 
that when a column of percentages computed in 
this way is added, the total will not be exactly 100 
per cent. Thus, according to the Census of 1910, 
the White population of the state of New Hamp- 
shire was distributed as follows : 

Native White— Native parentage 53-6% 

Native White— Foreign or mixed parent^e . . . 24JJ 
Foreign-born White 23-5 

The total of these percentages is 100,1. Each one 
of these percentages is more nearly correct than any 
other figure carried to one decimal place would be. 
It is impossible to make these figures total 100 with- 
out forcing one of them. This is done at times in 
the following manner. Suppose we have the fol- 
lowing percentages carried to two decimal places: 

• 26.24 
31.62 

i^ 
6.91 

The total of these percentages is 100. The rule 
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having been adopted to print percentages only to 
one decimal place, it is apparent that the second 
decimal would be dropped in every case without in- 
creasing the value of the first decimal. If this were 
done, however, the total would become 99.9. The 
simplest way by which the total could be made 100 
would be to increase by one the value of the first 
decimal which is followed by the largest second 
decimal. In this case the first number, 26.2 per cent, 
would become 26.3 per cent and the total would be 
100 per cent. This has been accomplished, how- 
ever, by forcing one percentage and making it less 
accurate than in the original form. It is generally 
better policy to leave each percentage as nearly 
correct as possible and not force the value of any 
of them, even if the total is not exactly 100 per cent. 
The number five may be considered as neutral 
Where tl^is is the second decimal in one or more 
cases in a column of percentages, it is justifiable 
either to leave the first decimal as it stands or to 
increase it by one in order to balance the total. 

Percentages may be calculated either by division, 
logarithms, or the slide rule. Computation by means 
of the slide rule is more rapid than by either of the 
other methods, and gives results which are suffi- 
ciendy accurate for ordinary purposes. Percent- 
ages should generally not be given where the base 
is less than 100. 

8. Birth, Marriage, and Death-Rates 
It is customary to compute birth, marriage, and 
death-rates upon a basis of 1,000 total population. 
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These are sometimes known as crude rates to dis- 
tinguish them from refined or corrected rates. To 
compute the crude death-rate for the city of Wash- 
ington for the year 191 1 it is necessary to know the 
estimated population at the middle of the year, or 
on July I, 1911, and the number of deaths during 
the calendar year 1911. The estimated population 
on this date was 337r475< and the number of deaths 
during the year was 6,304. The crude death-rate, 
therefore, becomes 



Although crude rates do not take into considera- 
tion differences in the sex and age constitution of 
the population, they possess considerable value. The 
composition of any population of considerable size 
changes but slowly, and changes in the crude death- 
rate reflect in a fairly satisfactory way changes in 
the healthfulness of the population. The difference 
between the crude birth-rate and the crude death- 
rate of 3 population represents the natural increase 
of the population. 

Since the death-rates of children under five years 
of age, and of persons in advanced years, are higher 
than of those in the early age groups, we should 
expect a high crude death-rate in communities with 
a lat^e proportion of infants or of those at advanced 
ages, whereas a low death-rate might be expected 
in communities with a lai^ proportion of popu- 
lation in the middle-age groups. In the crude death- 
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rate no account is taken of differences in the sex 
and age composition of populations. 

In order to obviate this difficulty, recourse is 
often had to specific death-rates. These rates are 
generally based upon a group of population limited 
by sex and age, since these characteristics more than 
any other factors influence the death-rate. Thus, 
specific death-rates might be computed for the 
population of two different countries distributed 
by sex and by five-year-age groups. It would then 
be possible to tell whether the specific death-rates 
were higher at all ages and for both sexes in one 
country or the other. The principal difficulty with 
specific death-rates is that they do not give in one 
figure a comparison of the mortality in the two 
communities. Such a figure is obtained by means 
of standardized or corrected death-rates. 

In obtaining " corrected " death-rates the usual 
method is to select a standard population, definitely dis- 
tributed into certain groups with respect to age, or age 
and sex ; the specific death-rates of any area as computed 
for the same groups arc then applied to corresponding 
subdivisions of the standard population, the result being 
the number of deaths which would have occurred in each 
group of the standard population had its death-rate 
been the same as that of the same group of the given 
area. The summation of the deaths that would have 
occurred in all the groups of the standard population 
gives the total number of deaths in the standard popu- 
lation corresponding to the observed specific deaUi-rates 
in the given area, and the division of this total by the 
standard population yields the corrected death-rate.* 

■ Deptrtmcnt o! Commerce. Bureau ot the Censui, MortaUty Slatit- 
tics, »li, Twilftk Annual Rtport, p. lo. For a more extended dii- 
Cuivkm of this lubject cooauJt this Tolume. 
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The International Statistical Institute in 1895 rec- 
ommended that the population of Sweden in 1S90 
be accepted as the standard. There was no distri- 
bution according to sex and the population was 
divided into five age groups : Under one year, one 
to nineteen years, twenty to thirty-nine years, forty 
to fifty-nine years, and sixty years and over. The 
Registrar General of Great Britain has adopted as 
standard the population of England and Wales in 
1901, By this method there are eleven age groups, 
each one distributed by sex. The corrected rates of 
any country are the ones which would have resulted 
from a combination of the specific rates for the 
various sex and age groups if the sex and age dis- 
tribution of the populations had been identical with 
that of England and Wales in 1901. In this way 
most of the iniiuence of differences in sex and age 
distribution are eliminated. For most purposes it 
may be noted the simpler method with but five age 
groups is satisfactory, but it is still true that the 
specific rate is the most significant. The corrected 
rates when thus computed usually differ but little 
from those obtained by the use of the English stand- 
ard by which twenty-two specific rates are combined 
into one corrected rate. Any standard death-rate 
is obviously defective as a precise measure of mor- 
tality, since it does not show specific mortality by 
age. From a comparison of -standard death-rates it 
would, for example, not be possible to determine 
to what extent a relatively high rate was due to a 
high rate of infant mortality. But, as has been 
noted, it facilitates comparisons of mortality in one 
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population with that in another, and is a much more 
precise measure of mortality than the crude death- 
rate. 

It is evident that although the specific death-rates 
for each age group might be identical for two differ- 
ent populations, yet the differences in age distribu- 
tion would cause a disparity in the crude death- 
rates. The following example will perhaps make 
this clear: 
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It is assumed that for the Negro and foreign-bora 
White population the specific death-rates are iden- 
tical. Thus under five years the rate is fifty per 
i,ooo; from five to fourteen years four per l,ooo; 
from fifteen to forty-four years six per l,ooo; and 
forty-five years and over, twenty-five per i,ooo. 
The percentage distribution by age groups in 1910 
is also given for these two classes of the population. 
Thus 12.9 per cent of the Negro population is under 
five years of age. The specific death-rate for those 
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of this age is fifty per 1,000. This will give 6.45 
deaths of children under five years of age in 1,000 
of total population. Continuing this process, we 
find the crude death-rate among the Negro popula- 
tion is ahout 13.9, while among the foreign-bom 
White population it is 12.8. Apparently, then, the 
death-rate is considerably higher among Negroes 
than among the foreign-born White, and yet we as- 
sumed in the table that health conditions were abso- 
lutely identical for both groups and that there was 
no difference in the specific mortality rates. It is 
evident, therefore, that this apparent difference in 
crude death-rate is due entirely to differences in age 
composition. It is to eliminate this element of error 
that the standardized or corrected death-rate has 
been introduced into vital statistics. 

Incidentally it may be noted that it is necessary 
to eliminate the influence of sex and age composi- 
tion in the computation of many other rates, as well 
as in those relating to mortality. Thus, for instance, 
in a comparison of crime among native and foreign- 
bom, it is a well-known fact that males of early 
middle life commit crime to a greater extent than 
females or males in the more advanced ages. The 
foreign-bom population contains a larger propor- 
tion of adult males than the native-bom population. 
Before we can compare the criminality of the native 
and foreign-born population, we must eliminate the 
differences due to sex and age classification. In 
other words, before we try to compare the relative 
frequency of different phenomena we must be cer- 
tain that the composition of the base is identical in 
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all cases. One of the great causes o£ error in sta- 
tistics is the assumption that other things are equal 
when, in most cases, other things are not equal. 

The infantile death-rate is usually considered to 
be the number of deaths per annum of infants under 
one year of age per thousand children bom during 
the year in question. This would give a correct 
rate on the assumption that births and deaths are 
recorded with equal accuracy. As a rule deaths 
are, in fact, more accurately reported than births. 
If, as years go on, an increasing proportion of 
births is reported and there is no change in the 
relative frequency of deaths, the decrease in the rate 
of infant mortality will be more apparent than real. 
The increase in the size of the denominator will be 
■due not entirely to an increase in the niunber of 
births, but in part to an increase in the proportion 
of births reported. There is a lack of uniformity 
in the treatment of stillbirths in computing the 
infantile death-rate. In some cases these are in- 
cluded among both the births and the deaths, while 
in other cases they are returned separately and no 
notice is taken of them in computing the death- 
rates. The method followed should be explained 
in the text. 

The crude birth-rate is the number of births per 
annum per one thousand of total population. This 
rate is open to the same objections that may be 
advanced against the crude death-rate. It does not 
take into consideration the composition of the popu- 
lation. Where a country has a large proportion of 
married women in the early and middle-age groups 
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we should naturally expect a high crude birth-rate. 
The refined birth-rate usually states the number of 
births per annum per 1,000 women between the ages 
of fifteen and forty-four. The refined legitimate 
birth-rate is the number of births per annum per 
1,000 married women between the ages of fifteen 
and forty-four. The refined illegitimate birth-rate 
is the number of illegitimate births per annum per 
1,000 unmarried women between the same ages. 

The fecundity of marriage refers to the number 
of births per marriage. To obtain this figure from 
a census of population it is necessary to include 
only those marriages in which the probability of 
additional births in the future is quite small. In 
making a study of this kind the cases are usually 
distributed according to the age of the mother at 
marriage and the duration of the marriage. Further 
distinctions may be made with regard to race or 
nativity.^ 

The crude marriage-rate is the number oE persons 
married per annum per thousand of total population. 
Another rate sometimes used is the number of mar- 
riages per annum per thousand of total population. 
This rate is. of course. Just one-half the preceding 
rate. But here again no consideration is given to 
the age distribution of the population. The refined . 
marriage-rate is the number of marriages per annum 
per thousand of marriageable persons. This in- 

'Althongh material for study of this kind has been avail- 
able in the Bureau of the Census for the censuses of 1900 
and 1910, the only use that has been made of it has been in 
the report of the Imm^ration Commission on The FecHit- 
dily of Immigrant fVomen. 
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dudes not only ail those who have never been mar- 
ried but all widowed and divorced over fifteen years 
of ^e. This varies from the denominator used in 
computing the refined birth-rate since increasing age 
places no limit to the possibility of marriage. 

p. Density and ArealUy 

In 1910, the 91,972,266 individuals comprising 
the population of the United States lived upon 
2,973,890 square miles of land. By the simple 
method of division the population per square mile 
becomes 30.9. The advantages of the figure for 
density over the total figures for population and 
land area are evident. This figure is simple and 
can be remembered easily. Since 1790, when the 
first Federal Census was taken, the population has 
changed at each decade, and in addition the land 
area has changed at six different censuses. By 
substituting the population per square mile for two 
columns of cumbersome figures, variations in both 
dividend and divisor are obviated and it is possible 
to see at a glance the variations in the densi^ of 
the population of this country. 

Not only is it possible to trace the changes in the 
densi^ of the population of one country at suc- 
cessive decades, but comparisons are easily made 
of the density of population of different countries at 
the same time. Another advantage lies in the ease 
with which comparative figures of this kind lend 
themselves to graphic representation, 

Qosely allied to density is areality. The land 
area of the United States in 1910 was 1,909,289,600 
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acres. Dividing this figure by the total population, 
the areality or acres per inhabitant is 20.7. As a 
rule, the density of population is used in comparing 
areas in which the population is congested, whereas 
areality is used to compare sparsely settled sections. 

10. Heterogeneous Ratios 

Birth-rates, marriage-rates, death-rates, rates of 
population, of density, and of areality are specific 
cases of a large class of ratios, each of which might 
be reduced to the number of one category per unit 
of another category. 

Such ratios should be distinguished from aver- 
ages. The density of population expressed as the 
number of inhabitants per square mile of territory, 
for example, is not an average of square-mile popu- 
lations, although in this case the mathematical result 
obtained by dividing aggregate population by square 
miles of territory is identical with the result which 
would be obtained by adding together the specific 
square-mile populations and dividing by the number 
of square miles. The latter process would be the 
process of obtaining an average of square-mile pop- 
ulations; the former, is the process of determining 
the average population per square mile or ratios of 
population to area. 

Similarly, the death-rate is the number of deaths 
per 1,000 population, not an average of deaths in 
specific population groups of 1,000, and in this case 
if population were divided into groups of 1,000 at 
the beginning of a year, and deaths in these several 
groups were recorded during the year and averaged. 
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the result would not be identical with the death-rate 
per thousand population. The population divided 
into groups at the beginning of the year would be 
reduced by mortality during the year, so that an 
average of deaths occurrii^ in these groups would 
not be an average of deaths occurring in population 
groups constantly maintained at the full number of 
1,000, which is the assumption of the death-rate, 
but an average of deaths occurring in groups con- 
stantly diminishing by mortality. The determina- 
tion of averages involves various methods of weight- 
ing and of mathematical computation, and each 
average embraces a number of definite quantities 
which are averaged, the quantities averaged beii^ 
necessarily of one category. The ratio relates two 
a^regates and expresses the numerical proportion 
of one to the other in terms of some common de- 
nominator. 

In the case of every ratio the presumption is 
that it represents a significant relationship, and since , 
the number of such relationships is indefinitely 
great, the number of ratios which might conceivably 
be constructed is, also, indefinitely great, and is in 
fact limited only by the availability of data. The 
crude death-rate, for example, is a relation of the 
number "of deaths to population, but deaths may be 
classified by cause of death and deaths from each 
specific cause related to population. Deaths from a 
specific cause may be further classified by sex, 3^, 
race, marital condition, and occupation of decedent, 
and related to population classified also by sex, age, 
race, marital condition, and occupation. Further 
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classifications may be made by month of incidence 
of deaths from each specific cause, of decedents 
classified by sex, age, race, marital condition, and 
occupation ; and, further, by geographical areas and 
by numerous other more or less significant charac- 
teristics of population and of deaths. No one of 
the classifications mentioned can be fairly charac- 
terized as insignificant, and yet in combination they 
yield a multiplicity of ratios which might easily ex- 
ceed the number of deaths and even of population. 
The statistician is constantly confronted with this 
multiplicity of relationships, no one of which is en- 
tirely devoid of significance, and among which he 
must select those which are of prime importance. 

In making this selection one principle must be 
carefully regarded, namely, that the significance of 
the ratio will be largely determined by the homoge- 
neity of the terms of the ratio. In a population com- 
posed of two very diverse racial elements, for ex- 
ample, the crude death-rate, or relation of deaths to 
total population might have comparatively little sig- 
nificance, since a mortality rate for the two elements 
combined might not fairly represent either element 
in the population, being a purely artificial and in- 
significant figure. Such a condition obtains, in fact, 
in many southern communities in the United States 
in which the population is composed of Whites and 
Blacks. An unrefined mortality rate for such a 
population does not approximate the mortality for 
either element, and changes in such an artificial rate 
might be due to changes in the proportion of Blacks 
in the population, or to changes in mortality in 
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either element, or to any combination of changes in 
the two elements. 

Where the population is sufficiently homogeneous, 
and is normally distributed by age and sex, the 
crude death-rate has significance ; but for many pur- 
poses a refinement of the rate by age, sex, cause of 
death, or other characteristic, is essential. This 
refinement is essentially a process of eliminating 
heterogeneity in the terms of the mortality ratio, a 
process of securing as regards decedents and popu- 
lation a homogeneous group. 

Ratios of this class are exceedingly diverse in 
character. While mortality tables relate deaths to 
population per i,ooo, or, in case of specific rates by 
cause of death, on the basis of 100,000, frequently 
the ratio is a per capita figure — wealth per capita, 
public expenditure per capita, expenditure for 
teachers' salaries per capita of the children enrolled 
in schools, crop yield per capita, value of products 
per capita, acres of territory per capita. In other 
cases, population itself is related to a unit of some 
Other category, as in the statement of population per 
square mile, number of inhabitants per owned 
home, population per mile of railway, population 
per family (t.^., average number in a family ob- 
tained by relating aggregate population to aggre- 
gate number of families). Again, the ratio may 
relate independent classes to one another, as, for 
example, in the ratio stating niunber of children 
under five years of age per 1,000 women fifteen to 
forty-four years of age. Or the ratio may be en- 
tirely independent of any population figures, as in 



h. Google 



Ratios 91 

the ratio of car mileage, train mileage, locomotive 
mileage, to ton mileage; or of crop yield to acres 
planted ; or of acres in farms to number of farms. 
Any nmnerical relationship in tact which is of sig- 
nificance may be expressed in a statistical ratio. 

From the foregoing comment the principles to be 
observed in constructing such ratios will be obvious. 
The relationship must have a specific significance 
and value, and the terms of the ratio must be suffi- 
ciently homogeneous to carry that degree of pre- 
ciseness and definition which interpretation of the 
ratio requires. Unrefined ratios, such as the crude 
death-rate, may serve as indexes of change, but 
where the data warrant refinement, the resultant 
refined ratios give a value to the data which the 
crude ratio does not uncover. The refinement must, 
however, not exceed the capacity of the data, by 
implying significance which is not inherent in the 
data. 
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A S COMMONLY understood, the term average 
signifies that mean quantity found by adding to- 
gether particular quantities of one category and 
dividing the sum by the number of particular quanti- 
ties entering into it. This is the common signifi- 
cance of the term also in statistical operations, 
wherever an intermediate number or mean of a 
different character is not specifically indicated. In 
statistical terminology, however, the term average is 
employed as a general term to cover a variety of 
intermediates. 



/. General Characteristics of Averages 

Of these intermediates the principal ones are the 
simple or weighted arithmetic average, the geometric 
mean, the median, and the mode, each of which in 
any given case is a function of a group of particular 
quantities, and is in some degree typical of the in- 
dividual quantities taken collectively. Each average, 
using the term in its broader sense, embraces the 
group, and provides a simple index or mathemat- 
ical measure by which collective differences between 
groups of particular quantities, and collective 
changes from period to period in the particular 
92 



LJnniprh.GoOylc 



Averages 93 

quantities of any given group may be summarily 
determined. 

A summary comparison of the age composition of 
populations living in different communities, for ex- 
ample, or of the population of one community in 
different years, may be made by calculatii^ the 
average age, or by finding the median age of the 
different populations. Such an average or median, 
although it does not indicate the age distribution 
of the several populations, embraces the individual 
ages of persons composing the populations, and 
tends to respond more or less definitely to changes 
in these individual ages. 

While, however, any group of particular quanti- 
ties may be averaged, and a mean or intermediate 
quantity determined for the group, no average so 
determined can be resolved back into the particular 
quantities which it represents. These separate quan- 
tities are not indicated by the mean any more spe- 
cifically than is the shape and weight of a material 
object indicated by its center of gravity. The av- 
erage age of a population cannot be resolved back 
into the individual ages averaged, since any given 
average age may represent an infinite number of 
age distributions. The arithmetic average age 
twenty years, for example, may represent a group 
of individuals each of whom is twenty years of age ; 
or a group one-half of whom are ten and one-half 
thirty years of age ; or a group one-third of whom 
are thirty and two-thirds fifteen years of age; or 
any other of the infinite number of age distributions 
that will give the designated average of twenty 
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years. So, also, an arithmetic average wage, al- 
though it embraces and represents individual wages, 
and responds with absolute fidelity to a change in 
any individual wage is, nevertheless, in itself abso- 
lutely indeterminate as regards the individual wages 
averaged. 

In this respect the arithmetic average resembles 
the composition of physical forces of different direc- 
tion and mass. The resultant motion in any given 
case is determined by a given combination of cer- 
tain definite factors of mass and direction, but the 
same resuhant might equally well represent any one 
of an infinite number of different combinations of 
definite factors, and the given resultant could, in 
fact, be produced from any combination of definite 
factors by the introduction of one new factor into 
the combination. Similarly, any arithmetic average 
can be produced from any combination of specific 
quantities by the introduction of one new quantity 
(provided only that the quantity may be minus as 
well as positive). Other forms of statistical aver- 
ages or means, as will be apparent in the following 
account of them, are equally indeterminate as re- 
gards the separate quantities which they represent. 
These quantities determine their mean figure or 
average, but changes in the several quantities aver- 
aged do not necessarily involve changes in the mean. 

It is exceedingly important in practical statistical 
work that this characteristic of averages be kept 
constantly in mind. Each average, since it is in 
itself indeterminate as regards the quantities aver- 
aged, is susceptible of an infinite number of inter- 
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pretations. In the arithmetic average, the separate 
quantities have been composed into a total which 
has been resolved into an average, the two processes 
being quite independent of one another. In so far 
as changes in the number and amount of the separate 
quantities do not affect the proportion of the aggre- 
gate to the number of quantities, that is to say, in 
so far as, and to the extent that, such changes offset 
one another, they do not affect the average ahhough 
they may be of prime importance. 

The average is, therefore, frequently defective 
and insignificant and may be, in cases where it 
blankets important changes or differences within 
the group, seriously misleading. 

Generally, it is true of an average or mean figure 
that it has little specific significance unless it is 
supplemented by some index of distribution, at least 
in all cases where the possible range and variety of 
distribution is considerable. 

Various types of means or intermediates and 
various measures of distribution have been devised 
to avoid and correct, so far as possible, defects 
inherent to a greater or less degree in all 
averages. 

The average or mean figure has value and signifi- 
cance in proportion as the variations, or deviations 
of the separate quantities from the average are in 
themselves unimportant. Where these variations 
or deviations are important, frequency distributions, 
measures of collective deviation from the mean, or 
measures of dispersion must be employed instead of 
the averse, or supplementary to the average. 
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In an investigation of the economic status of 
wage earners, for example, differences between the 
wage-earning power of individual laborers within 
defined groups may be of more significance than 
any averages or means that can be calculated for 
the groups. Where, on the other hand, for any 
homogeneous group of wage earners, minute and 
insignificant differences in individual wages develop, 
an average wage for the group is a convenient and 
significant simple measure of their wage earning 
capacity. In such cases the average facilitates com- 
parison of one group with another, or of the con- 
dition obtaining at one period with that obtaining 
at another period, or of conditions obtaining at any 
given period in different communities. 

In brief, the process of averaging, in one way or 
another eliminates particular differences in the quan- 
tities averaged, and this process obviously should 
generally not be employed in cases where the par- 
ticular differences are important. The average is 
indicated as a convenient figure where the particular 
differences eliminated, or composed by the average, 
are relatively insignificant. 

The specific character of each type of mean or 
intermediate figure is indicated in the several sec- 
tions of this chapter in which the processes em- 
ployed in determining the several types of averages 
are described in detail. 

3. Arithmetic Average 

(a). — Simple Arithmetic Average. — A simple 

arithmetic average, as has been noted, is the 



h. Google 



'Averages 97 

intermediate or mean figure commonly indi- 
cated by the term average. It is formed by 
dividing the sum of the items by the number of 
items. 

The practical uses of such an average are innu- 
merable. A laborer employed under the piece-price 
system of payment may desire to know how much 
he is making a week in the long run. At certain 
seasons of the year work with him is plentiful, 
while at other seasons he is not employed full time, 
and as a result his pay envelope contains varying 
amounts from week to week. He may have been 
employed previously at a flat daily or weekly wage, 
and he finds that since he has been paid by the piece 
his pay is larger some weeks than it was under the 
previous system, but smaller in other weeks. The 
only way for him to judge whether the change in 
the system of payment has been beneficial to him is 
to strike an average for the time elapsed since he 
began piece work. To obtain this it is necessary 
for him to know the amount earned each week since 
the change went into effect. The average obtained 
may differ from his actual earnings in any week, 
but it will, nevertheless, measure his earnings per 
week in the long run more accurately than any item 
in the list, since it is determined by his aggregate 
earnings in a given period, and is the flat-rate per 
week equivalent to his varying weekly earnings. 
Under the piece wage system, he may have earned 
for twelve successive weeks the following amounts : 
$13,20, $14.10, $15.40, $15-30. $15-60, $8.25, $14,50, 
$I5-3S> $15-75. $15-80, $15-20, $14-90. amounting 
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for the twelve weeks to $i73-35- His average 
weekly earnings have, therefore, been 

$173-35 . 
-^=$.445 

In computing a simple averse each item enters 
singly into the a^regate of items, which are taken 
as being of equal importance, and are aggregated 
and resolved into an average without any manipu- 
lation by the process of weighting. The average 
is an arbitrary quantity, which may, but more com- 
monly does not, correspond to any item in the list. 

If a,, a,...ao represent the series of separate 
quantities to be averaged the formula for the simple 
arithmetic average is 

ai + ai... + a. 
n 

(ft). — Weighted Arithmetic Average. — The 
weighted differs from the simple average in that 
some or all of the items are taken in the aggregate 
more than once, each being thus weighted in the 
aggi'*gate according to its relative importance, 

A student in college, for example, may carry fif- 
teen hours of work weekly, distributed as follows : 
Economics, five hours ; history, five hours ; Latin, 
two hours ; French, two hours ; rhetoric, one hour. 
Upon a scale of loo his standing in these courses 
may be: In economics, ninety-two; in history, 
ninety ; in Latin,, seventy-eight ; in French eighty- 
five; and in rhetoric, seventy-five. Weighting his 
standing in each subject by hours per week devoted 
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to the subject, the products given in the following 
table are obtained : 



c„„. 


Hou*s 
™ Week 


s„..... 


Pmodiwit 


HiBtorj 


1 

1 
15 


1 

75 
«20 


t\ 






Rbetorlc 


5 
1.311 



If an average standing for the student is com- 
puted without regard to the number of hours in 
the different courses, it is found to be 

5 
the simple arithmetic average. But the student de- 
voted more time to economics and history than to 
his other work, and these courses obviously should 
count for more than the others in determining his 
standing. To get a true statement of his general 
standing, his standing in the several courses should 
be weighted according to their importance, which, 
in this instance, is fairly indicated by the number of 
hours per week. If the sum of the products of the 
standing in each course by the number of hours 
per week devoted to the course, is divided by the 
sum of the hours per week in all courses, the result. 
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is a weighted arithmetic average. Changing the 
hours per week in the several courses will not affect 
the unweighted average, although such a change 
may affect materially the weighted average. If, for 
example, the student working the same number of 
hours per week devotes one hour a week to econom- 
ics, two hours to history, five to Latin, two to 
French, and five to rhetoric, and attains the same 
standii^ in the several courses as is indicated above, 
the unweighted average standing will remain un- 
changed at eighty-four, while the average weighted 
by hours per week will drop to 80.5. 

In computing a weighted average each item is 
multiplied by a number to give it weight propor- 
tional to its relative importance. The sum of these 
products divided by the sum of the weightings, in 
the foregoing illustration aggregate hours per week, 
gives the weighted arithmetic average. 

This type of average is the one most commonly 
used in computing index numbers, where the 
weighting may be determined more or less arbi- 
trarily. In a weighted average of prices, for ex- 
ample, an arbitrary system of weights may be ap- 
plied to the prices averaged, so that the price of 
each commodity shall enter into the aggregate in 
proportion to its importance, in the aggregate either 
of the community's production, or of the commu- 
nity's consumption. 

Weighting may be regarded as a method of cor- 

i^qting the bias or false weighting of a simple 

."/average. In the case of the student's general stand- 

•ih^, for example, the simple and formally un- 
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weighted average was, in fact, heavily weighted, 
since, in the simple average, one hour devoted to 
rhetoric counted for as much as five hours devoted 
to economics, or to history, or two hours devoted 
to Latin or to French. This weight in favor of 
rhetoric is corrected by introducing as a factor the 
number of hours represented by each standing. In 
the formally weighted average, each hour of work 
is given a standing and a simple average taken for 
the full number of hours ; the standing in each hour 
instead of in each course being taken as a separate 
quantity to be simply averaged with other hour- 
units of standing. 

Similarly in an average for prices, the necessity 
for formal arbitrary weighting may be avoided by 
so making up the group of commodities, for which 
prices are quoted and averaged, that each class of 
commodities is duly represented according to its 
importance from the point of view of production or 
of consumption. Obviously, practically the same 
result is obtained by taking ten quotations of price 
of an important commodity with one quotation of 
an unimportant commodity, as is obtained by taking 
a single quotation for the important commodity ten 
times, and a single quotation for the unimportant 
commodity once. 

The formula for the weighted arithmetic aver- 
age is 

(a.xbi) + (aiXb,).-. + (».xb.) 
th+b,..,+b, 

in which bj, bj.-.bn are the numbers employed 
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as weights for the quantities a„ a^ . . . a„ to be 
averaged. 

J. The Geometric Mean 
Another form of average, the use of which by- 
statisticians has been limited almost entirely to the 
computation of index numbers, is the geometric 
mean. To compute this mean the items in the 
series are multiplied, instead of being added, as in 
the case of the arithmetic average, and the root of 
the product corresponding to the number of items 
is found. Thus, if the items are a,, aj.,.an, the 
geometric mean will be 

VaiXai,,,Xaii 
Finding this mean generally involves, as a means 
of avoiding tedious computations, the use of log- 
arithms. The natural number corresponding to the 
arithmetic mean of the logarithms of the items in 
the series is the geometric mean. It is true of the 
geometric mean as of the simple and weighted 
arithmetic average, that it is seldom precisely equal 
to any item in a series. The arithmetic average of 
a series is always somewhat greater than the geo- 
metric mean of the same series. 

4. The Median 
To compute the arithmetic average or the geo- 
metric mean, it is not necessary to arrange the items 
of the series in order of magnitude. For the com- 
putation of the median this arrangement is neces- 
sary. When the items have been thus arranged, if 
the number of items in the series is odd, the median 
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is the middle item, i.e., the item having just as 
many items preceding it as it has following it. If 
the series is composed of an even number of items, 
then the median falls between the two middle items. 
If these happen to be of equal magnitude, the me- 
dian corresponds to them. If they are of different 
magnitude, the median is usually taken as the 
arithmetic average of the two middle items. 

In most cases the median corresponds to one of 
the items in the series. If the series is regular, 
there will usually be a considerable grouping in the 
middle of the series, and even if the number of items 
in the series is even, it is quite probable that the 
number on each side of the median will be identical. 
It is not common, therefore, to have the median an 
arbitrary number. If the series is distributed sym- 
metrically, the arithmetic average and the median 
will be found to correspond closely. If the fre- 
quency curve has a decided tendency to skewness, 
the median may possess but little value. For the 
average series the median possesses most of the 
qualities which give value to the arithmetic mean, 
and has the advantage of being much easier to 
determine, since little or no addition and division 
is required. It is possible to determine the value 
of the median by the graphic method. 

The shape of the frequency curve may be 
approximately determined by finding the value of 
the quarfiles or deciles of a series. The first quar- 
tile corresponds to the item midway between the 
top of the series and the median, which is the second 
quartile. The third quartile is the item half-way 
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between the median and the bottom of the series. 
The deciles are found by dividing the series into 
ten equal parts. Thus, if a series is composed of 
137 items, the first decile is equal to the value of 
the thirteenth item plus seven-tenths the difference 
between the thirteenth and fourteenth items, and 
the other deciles are similarly located, the fifth decile 
corresponding to the median. The quartile and 
decile values indicate the distribution of the items 
about the median. 

5. The Mode 

The mode corresponds to the number which is 
most frequent in a statistical series and may there- 
fore be called the point of greatest frequency. If 
the figures which make up the statistical series are 
charted in the form of a statistical curve, the mode 
will be the peak or highest point of the curve. It 
therefore differs from the other averages in that 
the mode always corresponds to some figure in th» 
series. If a number be chosen at random, the 
choice will be more likely to fall upon the mode 
than any other number in the series. From the fact 
that the mode is the value of greatest frequency in 
the series, it has been given the name of the normal 
or typical value of the series. 

The value of the mode is not at all affected by 
any values at the extreme ends of the series. Thus, 
the normal height of men is not affected by the 
presence of giants or dwarfs. After infancy has 
been passed, the normal age at death is the age at 
which more individuals die than at any other age. 
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The wage of the typical street railway conductor is 
the wage paid to the largest number of individuals 
engaged in this line of employment. A clothier 
ihanufacturing ready-made garments will make the 
largest number of suits for the normal or typical 
man, decreasing the number as the measurements 
depart from those of the normal man. 

The principal advantages of the mode are its 
ease of determination, and the fact that it really 
corresponds to concrete members of the series. If 
the series is fairly symmetrical, the mode corre- 
sponds very closely to the arithmetic average and 
to the median. 

6. Deviation from the Average 
In certain cases the items composing a statistical 
series will vary but little from the arithmetic aver- 
age of the series. In other cases the dispersion of 
the series or the variations of the individual items 
from the arithmetic average will be considerable, 
and it is essential in every case for the interpretation 
of the average to know whether the dispersion is 
small or great. 

The average temperature of a certain city for a 
year means very little unless we are acquainted 
at the same time with the variations from this aver- 
age at different seasons of the year. In the summer 
time most of the temperatures will be considerably 
above this average and in the winter time consider- 
ably below this average. In fact, if the curve of 
daily temperatures were constructed, it might be 
found that there were two points of greatest fre- 
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quency durii^ the year, neither of which would 
approximate closely to the avenge. On the other 
hand, the height of adult males would show a 
much smaller dispersion than temperature, and one 
in which the average height would correspond 
closely to the height of greatest frequency. In other 
words, the curve for the height of individuals would 
be fairly uniform, with steep sides, whereas the 
curve for temperature would not be uniform and 
the sides of the curve would not be steep. The 
simplest way of showing dispersion is to state the 
arithmetic average together with the maximum and 
minimum values of the series. In the case of tem- 
perature, for example, we should have the average 
temperature for the year, and, what is more impor- 
tant, the extremes of temperature, which would in- 
dicate the range from the coldest to the hottest day. 

It has been suggested that dispersion be measured 
by comparing half the difference between the upper 
and lower quartiles with the arithmetic average.^ 
A more common method is to take the differences 
between each item of the series and the arithmetic 
average. All of the differences are considered as 
plus differences. Their sum divided by the number 
of items will give the average of the deviation of 
the items from the arithmetic average. The per- 
centile deviation from the average is obtained by 
reducing the average deviation to a percentage of 
the arithmetic average. 

The standard deviation is obtained by finding first 

*A. L. Bowley. Elements of Slatisiks, p. 136, London, 
1901. 
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the deviation of each item of the series from the 
arithmetic average. These deviations are then 
squared. The sum of the squares of the deviations 
is then divided by the number of items and the 
square root taken of this quotient. This square 
root is called the standard deviation. 

The table on page 108 will show the method of 
computing the standard deviation from the average. 

in the first column is given the number of males 
to 100 females in the different states in this coun- 
try in 1910. In the second column is shown the 
deviation of the ratio in each state from the average 
for the country as a whole, which was 106. The 
third column headed "Frequency" gives the weight- 
ing or population of each state in hundreds of thou- 
sands. In the ordinary statistical series where each 
item has equal weight this column would be unnec- 
essary, but in computing the sex composition of 
the entire country, a state with a population of 
7,000,000 must be ^ven seven times as much weight 
as one with a population of 1,000,000. The next 
column gives the squares of the deviation from the 
average. The last column is made up of the prod- 
ucts of the two previous columns. The formula 
for the standard deviation where the items are 
weighted is — j- 

Since n is equal to the weighting of the items, the 
standard deviation therefore becomes 
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CHAPTER VIII 

GRAPHIC REPRESENTATION 

npO MOST persons except trained statisticians a 
long column or columns of figures are bewil- 
dering. Their meaning is not in any case apparent 
at a glance, and if the figures can be so illustrated 
as to tell their story more clearly and quickly, a 
happy effect is secured. 

I. Utility of Graphic Representation 
A person may be interested in the comparative 
area of Germany and the United States. With the 
square miles of territory in each country at his 
disposal, a reader could make his own computation, 
but how much more striking it would be to super- 
impose the map of Germany upon the map of the 
United States when both are drawn to the same 
scale, and then from his local knowledge of area 
and distances in this country obtain a much more 
intelligible idea of the area of Germany, The fig- 
ures showing the value of the articles exported from 
the United States during the past ten years would 
show the effect of the European war, but to most 
readers this would be much more apparent if the same 
information were put in the form of a diagram. 

The value of this form of representation is par- 
ticularly great where it is desired to show the 
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changes in two phenomena which are inter-related. 
Thus, if one curve were plotted to show the rise 
and fall m industrial prosperity in this country, and 
upon the same sheet were plotted the number of 
aliens entering our country annually, it would be 
found that both of these lines tended to rise and 
fall together. An increase in prosperity would soon 
be reflected in an increase in immigration to this 
country. The change in direction would probably 
come somewhat earlier in industrial conditions than 
in immigration. This would tend to show that the 
change in industrial conditions was the cause of the 
change in the rate of immigration. This would 
make the curve of immigration a good example of 
the curve of pursuit, and by moving backward the 
curve- of immigration for a few months a higher 
coefficient of correlation would be obtained. 

Both static and dynamic conditions may be rep- 
resented by the graphic method, static charts being 
used to compare magnitudes at the same point or 
period of time, and dynamic charts to show changes 
in phenomena during a period of time. Since, how- 
ever, most forms of graphic representation can be 
used to represent either static or dynamic condi- 
tions, this distinction possesses but little dassiiica- 
tory value in this connection. Forms of graphic 
representation may be classified simply according 
as points, bars, curves, areas, or maps are employed. 

3. Point Diagrams 

Intensity or frequency may be shown graphically 

by points or dots scattered over a given area. Thus, 
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if the average niunber of inhabitants per square mile 
in two communities were found to be in one case 
ten and in the other loo, the relative density of 
population in the two communities might be graph- 
ically represented by laying oS two squares of equal 
size, and distributing upon one ten dots and upon 
the other one hundred. It will be obvious that a 
display of density in some respects more effective 
might be achieved by substituting for the squares 
a map showing the area of the two communities and 
distributing dots over the map areas, in proportion 
to the geographical distribution of population, each 
dot representing a given number of inhabitants. If 
such a system of dots were distributed over a map 
of the United States by county areas, the distribu- 
tion and density of the population would be closely 
approximated. Similar maps might be prepared 
showing the distribution of immigrants or of racial 
elements, the yield of important agricultural crops 
(See Thirteenth Census, Vol. v, p. 734), or the dis- 
tribution of farm animals. The United States 
Bureau of Immigration at one time published a 
map of Europe showing by the number of dots in 
the European countries the number of thousands of 
immigrants who had come to the United States 
from those countries during 3 year. In this way 
it was possible to get a very dear picture of those 
portions of Europe which were sending the most 
immigrants to us at that time. 

It is to be noted, however, that such maps, 
although they give an impressionistic picture of 
geographical distribution, are generally difficult of 
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interpretation in numerical terms. It would be 
impossible to read off from a population map so 
prepared the specific densities for county areas, or 
even the approximate populations of the areas in 
the case of the more populous counties, in which 
the number of dots would be so great as practically 
to preclude the possibility of counting them. The 
preparation of such maps is, moreover, generally 
difficult, and some system of markings which indi- 
cates specific densities for the areas approximately 
is usually preferable to a proportionate distribution 
of dots (See section on maps on page 128). 

In certain cases, however, a modification of the 
dot map is a most effective means of graphic repre- 
sentation, as, for example, where a society wishes 
to show for a city the location of cases of contagious 
diseases occurring during a given year, or to define 
areas of contagion as they develop during an epi- 
demic. Pins of various colors are pushed into a 
map of the city to correspond with the location of 
cases of different diseases, and the grouping of 
these pin-heads in certain sections of the city shows 
at a glance the location of areas of contagion. 

J. Bar Diagrams 
A simple way of representing magnitudes graph- 
ically is by a series of horizontal or vertical lines of 
varying lengths proportional to the magnitudes to 
be compared. Any number may be represented 
graphically by a line drawn to scale, so that the 
length of the line is determined by the number 
rq)resented ; each unit of length in the line repre- 
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senting a unit or units enumerated in the number 
according to the scale arbitrarily determined upon. 
Obviously any unit of length may be taken as rep- 
resenting any number of units enumerated in the 
number, thereby determining the scale by which 
other lines may be drawn to represent coordinate 
numbers. The lengths of the lines stated in linear 
units will then be proportional to the numbers which 
they severally represent. 

Lines so defined, when drawn to a common base 
line of zero value, constitute a simple form of statis- 
tical graph, and as the value lines are commonly 
drawn with appreciable breadth to distinguish them 
from the lighter structural and limiting scale lines, 
they are generally designated bars, and this type 
of diagram is generally designated a bar diagram. 
The width of the bar has, however, no numerical 
significance. 

The lines or bars may be erected vertically at 
regular intervals upon a horizontal base line, or 
drawn horizontally from a vertical base line. Posi- 
tive values may be represented on one side of the 
■ base line and minus values upon the other. The 
net gain or loss of population by interstate migration 
may, for example, be illustrated by a diagram in 
which bars are drawn to a common base, each bar 
proportional in length to the net gain or loss of a 
state, the net gains being represented on one side 
and the net losses on the other side of the base. 
Similarly, the excess or deficiency of males rela- 
tively to the number of females in the population 
classified by single years of age or by age periods. 
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may be represented by bars extended at right an^es 
to a common base or axis in a positive or negative 
direction, each bar representii^ the excess or defi- 
ciency of males per 1,000 females in a specified age 
group. Commonly, however, the quantities repre- 
sented are all positive, and the bars in such cases 
are all drawn upon one side of the common base. 

In all bar diagrams it is essential that the scale be 
clearly indicated and that scale lines be drawn 
parallel to the base, so that the bars in the finished 
diagram are imposed upon a graduated surface, a 
sufficient number of scale lines being drawn to 
indicate approximately the numerical values of the 
several bars. These scale lines originate in an axis, 
or marginal line drawn vertical to the base, and 
graduated according to the scale of the diagram. 

While in a properly constructed bar diagrun 
approximate values for the several bars can be 
read by the scale, it is generally true that the scale 
cannot be drawn sufficiently fine to indicate to the 
eye the exact value of every bar. In some cases 
these exact values can be written into the diagram 
without impairing its graphic value. When this is 
not done the data should be presented in tabular 
form, since the bar diagram is more or less defective 
as a means of expressing values precisely. For 
precise accuracy, the numbers themselves are, in 
fact, the perfect means of expression. Statistical 
graphs should not be regarded as substitutes for 
statistical tables. A graph is not a substitute, but 
an illustration, and in all cases the data illustrated 
should be presented. 
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Bar diagrams are of small utility whea the differ- 
ences represented are, as developed by the scale, so 
minute as to be difficult of appreciation. Not infre- 
quently, however, the appreciability and effective- 
ness of a diagram may be increased by making 
combinations in the data, or by changing the scale. 
Where the bars represent the distribution of an 
a^regate, as of population by age, they may be 
drawn in contact and developed as areas, the aggre- 

• gate area of the bars representing the aggregate 
number distributed, e.g., the aggregate population in 
an age diagram or pyramid, and the area of each 
bar being proportional to the number in the class 

. represented t^ the bar. Where the bars taken 
collectively do not represent an aggregate, as, for 
example, where they represent populations at dif- 
ferent dates, they should be drawn detached, and 
distributed at regular intervals along the base. The 
intervals may, however, be so reduced in width as 
to bring the bars into very close proximity to one 
another. 

Where a diagram is constructed to show the dis- 
tribution of a single aggregate into classes, the 
absolute numbers in the several classes may be used 
and the scale adapted to comprehend these numbers, 
but in cases where the distribution of one a^^egate 
is to be compared with the distribution of another, 
it is frequently necessary to reduce both distribu- 
tions to a percentage, or per thousand basis, in order 
to make the comparison effective, A diagram show- 
ing, for example, for any year the distribution of 
deaths in the White and Negro population classified 
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by age would, if based upon the absolute number of 
deaths occurring at each age in each class, be inef- 
fective because the number of White deaths greatly 
exceeds the number of Negro deaths, and a scale 
adapted to the number of White deaths would not 
develop satisfactorily the distribution of Negro 
deaths. In this case a diagram constructed to show 
not the absolute number of deaths at each age, but 
the deaths at each age per i,ooo deaths at all ages, 
would develop the distribution of deaths by age 
equally for the two classes. 

Different relationships may be developed by vari- 
ous combinations, groupings and arrangements of 
bars. In a diagram representing specific mortality 
by age, differences between racial classes may be 
made apparent by grouping the bars for the several 
classes under years of age or age periods. Simi- 
larly, changes in specific mortality by age in any one 
class from year to year may be shown by grouping 
the bars for the several years under the ages, and 
differences from one community to another by 
grouping the bars for different communities under 
the ages. Such groupings have each of them a 
special significance and value. 

Where two systems of bars are developed from 
a common base they may be drawn on opposite sides 
of a central axis. A common instance of such a 
diagram is found in the age pyramid, which shows 
the distribution by age of males upon one side of 
the axis and of females upon the other. In a similar 
manner the age distribution of Whites and Negroes 
may be shown, or of native and of foreign-bom 
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persons, or of the urban and the rural population, 
or of any other two classes. In such arrangement 
large differences between classes become more or 
less apparent in the lack of symmetry in the result- 
ant graph with reference to the central axis. 

4. Curves 

The growth of population by decades may be 
illustrated by a simple bar diagram which is sche- 
matically a series of lines proportional in length to 
the population as enumerated in the decennial years. 
To draw such a system of lines distributed at equal 
intervals upon a common base, it is necessary to 
locate a series of terminating points above the base 
by reference to a graduated scale of population. 
If, instead of erecting perpendiculars from the base 
to these points, straight lines be drawn connecting 
the points with one another, a crude statistical curve 
is produced. Each of the points joined, if it has 
been properly located by reference to graduated 
scales of population and of decades or years, repre- 
sents a specific period of time elapsed and a specific 
population related to that period. Each point is 
located by its coordinates of population and time 
elapsed. 

The construction of such a curve is illustrated 
in the diagram on page 118, in which the curve 
Pi,P4 represents the growth of population in the 
United States during the three decades 1880-1910. 
On the perpendicular Oy equal spaces represent 
equal increments of population, and on the base line 
Ox equal spaces represent equal increments of time. 
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measured in each case from the point O. The 
space Oil is taken to represent the ten years 1880- 
1890, and the sequent spaces, x, x^ and x^ x^, the 
decades 1890-1900 and 1900-1910. The curve 
or^inates in the point Po in the line Oy, which is 
the point in the line Oy corresponding to the popu- 
lation in 1880 (50,155,783). The points y^, y^, and 
y^ correspond similarly to the population as enu- 
merated in 1890 (62,947,714), 1900 (75.994.575). 
and 19:0 (91,972,266). The points x,, Xj, and x^ 
correspond to the years 1890, 1900, and 1910, and 
the distance of these points from O represents 
periods elapsed subsequent to 1880 of ten, twenty 
and thirty years respectively. The points P,, P^, 
and P, are located by drawing lines from the y 
points parallel to the base Ox and erecting perpen- 
diculars from the x points parallel to Oy. The point 
Pi, for example, is the point of intersection of the 
perpendicular erected at Xj and the line drawn 
through y, parallel to Ox. 

So located by their respective coordinates, the 
points Po, Pi, Pj, and P, represent graphically the 
enumerated populations for the years 1880, 1890, 
1900, and 1910, and it will be obvious that any point 
in the line or curve connecting these points, P3 for 
example, represents presumptively a specific popu- 
lation and a specific period or date. On the pre- 
sumption that population is increasing by equal 
increments from year to year, the population in the 
middle of the decade 1900-1910 may be determined 
by erecting a perpendicular at the point Xj, midway 
between x^ and X4, and drawing a line from the 
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point of intersection with the curves, parallel to 
Ox, to the line Oy. On the same assumption, the 
population in any year subsequent to the enumera- 
tion in 1910 may be determined by extendii^ the 
line Pj P^ in the direction of c, and erecting a 
perpendicular from x,, the point cbrrespondii^ 
to the date for which the population is to be deter- 
mined. 

If, however, population is increasing by unequal 
increments from year to year, this method will not 
give a correct result. Such an extension of the 
line Pi Pj as shown on the diagram would have 
indicated erroneous populations for the years inter- 
vening between 1900 and 1910, because population 
was increasing in this latter decade by annual 
increments greater than those of the preceding 
decade. The broken curve made up of straight lines 
connecting the points determined from the date of 
enumeration, proceeds on the assumption that the 
rate of increase per cent for population during each 
decade is decreasing regularly from year to year, 
the decrease in the rate being just sufjicient to pre- 
vent an increase in the increments of population per 
unit of time. If this is not the case, that is to say, 
if the rate of increase per cent is constant, or is 
increasii^ or decreasing regularly so as to produce 
varying increments of population per unit of time, 
the correct population curve will not be in any sec- 
tion of it a straight line. The straight line con- 
necting Pi and Pj distributes the a^regate increase 
for the decade 1890-1900, represented by the line 
aP„ to the several years, months, or days of the 
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decade, so that the increase in any time interval 
taken in the decade exactly equals the increase in 
any other time interval of equal duration, the 
increase in the first month of the decade being 
precisely equal to the increase in the last month. 
In the diagram the greater steepness or inclination 
to the base Ox, of the line P^ P, as compared with 
the line P, P^, indicates that the curve P, P, P« is 
only approximately the true population curve for 
the period 1880-1910. If the number of points 
established by enumeration in this period were 
increased, a closer approximation to the true curve 
would be given by straight lines connecting these 
points. The process of drawing a true curve 
through the points established by enumeration 
requires separate treatment. 

The most common use of curves in graphic rep- 
resentation is to represent by a line or curve con- 
structed as described above, the changes in some 
phenomenon during a period of time. The drawing 
of such a line is simplified by the use of cross- 
section plotting paper laid off in squares or rec- 
tangles by light blue lines, with, as a rule, every fifth 
or tenth line drawn heavier than the others to facili- 
tate the placing of points. When a photographic 
reproduction of the chart drawn upon such paper 
is to be made, those lines should be drawn in black 
which are to be reproduced in the photograph, since 
the pale-blue cross-section lines will usually com- 
pletely disappear in the photograph. Years or 
months should generally be arranged along the base 
of the chart, with the earliest date at the left. The 
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scale of magnitudes should be in a column at the 
left, arranged in ascending order of magnitude, 
beginning with O at the base line. When the 
magnitude for any particular year is to be placed, 
the perpendicular line corresponding to the year 
is followed until it crosses the horizontal line 
corresponding to the magnitude, at which point a 
cross or dot is made upon the paper. When the 
magnitudes for each year have been placed in 
this way upon the paper, the broken straight line 
connecting the points is drawn in considerably 
heavier than the lines forming the squares or 
rectangles. 

Several different facts may be shown upon a 
single chart by using different kinds of lines, com- 
posed of dashes, long, short or alternating long 
and short, of small crosses or circles, or any com- 
bination of distinguishing marks. It is generally 
unwise, however, to place more than eight or ten 
lines upon the same diagram, and even this number 
may be confusii^ to the eye which may find diffi- 
culty in following individual lines, especially in 
cases where the lines are bunched together in some 
sections, or closely interfere throughout, or fre- 
quently cross one another. In hand work, it is 
possible to use inks or crayons of different colors 
in the lines, but for ordinary printing it is better 
to use lines of different formation. 

For certain purposes it is preferable to use paper 
with logarithmic ruling in either one or both direc- 
tions, and Professor Fisher* has recommended in 



^Tke Annalist, March 9, 1917. 
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certain cases the use of a percentage plotting paper, 
where — 

.... a given elevation of any one point above another 
represents a given percentage excess of the first number 
above the second ; so that when two curves are parallel 
they are really following the same percentage rise or 
fall, and when one curve is the steeper it is really rising 
at a higher percentage rate. 

True curves may be substituted for the broken 
straight tines, on the assumption that in these broken 
lines, which constitute curves of error, the irreg- 
ular shapes, breaks, or angles are caused by the fact 
that the number of observations is insufficient to 
produce the symmetry or regularity characteristic 
of the true curve. When the points of a curve have 
been located, so far as indicated by the data, a true 
curve may be drawn mechanically by the use of a 
rule, so constructed as to provide in some section 
of its variously curving edge a perfect mechanical 
fit for any three consecutive points located. 

Broken lines representing magnitudes may be 
drawn about a center. In this style of graph, a 
circle is divided by radii into as many sectors of 
equal size as there are items to be represented. The 
magnitudes are represented by measuring from the 
center along the radii distances corresponding to 
the magnitudes under observation, and placing 
crosses or dots in the proper locations on the radii. 
One coordinate of each point is thus measured on 
the circumference and the other on the radius of the 
circle, A broken line is then drawn connecting the 
points on the radii. If, for example, twelve radii 
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be drawn dividing a circle into twelve equal parts, 
one for each of the twelve months in the year, the 
average temperature for the several months may be 
marked off on the radii, measuring from the center, 
and when the points indicating average temperature 
are connected, the broad changes in temperature 
during the year become apparent. A similar form 
of graph is in use for recording automatically 
changes in temperature from day to day. A circle 
or dial divided into thirty sections slowly revolves 
in contact with a pen, the length of whose arm varies 
with the temperature, making a continuous record 
upon the revolving dial of changes in temperature 
throughout every day for a month. The varying 
length of the arm measures one coordinate, and 
the revolution of the dial the other coordinate, of 
each point in the temperature curve, drawn by the 
pen. 

5. Surfaces 

In the surface diagrams numbers are represented 
graphically not by proportional lengths of lines, but 
by proportional areas, which are commonly devel- 
oped as rectangles, triangles, or circles, although 
other forms are used infrequently. 

Any series of numbers may be represented by a 
series of similar geometrical figures, as is the case 
where squares, equilateral triangles, or circles are 
used, or by a series of dissimilar figures, as is the 
case where rectangles, of uniform width and vary- 
ing length, or of uniform length and varying width, 
are used, or triangles of uniform base and vary- 
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ing altitude. Generally comparisons of areas are 
difficult where geometrically similar tigures arc 
employed, since in such figures all homolc^ous 
dimensions of the figures are variables, varying in 
proportion to the square roots of the magnitudes 
represented by the areas. 

In the display of area diagrams, space may fre- 
quently be economized by superposition of areas, 
small squares being drawn within larger, triangles 
drawn to a common base, and circles to a common 
center. 

The construction of a series of similar figures 
of any shape to represent by proportional areas a 
series of magnitudes, involves application of the 
general principle that areas of similar surfaces vary 
in proportion to the squares of homologous dimen- 
sions. 

Rectangles of equal base, placed side by side, 
with altitudes corresponding to the magnitudes to 
be compared, or rectangles of equal height and 
varying length, arranged one above another, con- 
stitute the simplest form of representation by sur- 
faces. In representation by rectangles it is generally 
advisable to retain one dimension unvarying, since, 
as has been noted of similar figures generally, where 
both the base and the altitude vary, accurate esti- 
mation of areas is difficult. 

The arrangement of these rectangles is not uni- 
form in statistical practice. Where the horizontal 
length is variable, it is sometimes the practice to 
have the earliest year in a statistical series at the 
top, following down with the later years. In United 
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States census practice the latest year is usually 
placed at the top, and the earlier years under- 
neath this. When these rectangles are placed on 
end, one most commonly finds the earliest year 
at the left and the latest year at the right of the 
series. 

Upon rectangles used in this way it is possible 
to distinguish the distribution of different classes 
of items entering into totals. Thus, the population 
of the New England states might be represented 
by the rectangles of varying length, upon each of 
which the marital condition of the population m^ht 
be distinguished by subdividing the areas, and using 
different forms of hachure shading to designate 
the population returned as single, married, wid- 
owed, and divorced, respectively. Solid black, 
white in outline, diagonal hatchings in different 
directions, and cross-hatchings, heavy and light, 
stripes and checks, are some of the common mark- 
ii^ available for distinguishing surfaces. 

In some cases rectangles are placed one upon 
another as in the construction of an age pyramid. 
Those under ten years of age might, for example, 
be represented by the lowest rectangle, upon which 
is placed a second rectangle representing those from 
ten to nineteen years of age. In a stationary popu- 
lation where uniform age periods are represented, 
each rectangle would be somewhat shorter than the 
one directly beneath it. An added distinction 
according to sex is shown if the males are placed 
to the left and the females to the right of a perpen- 
dicular line dividing the chart. 
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There are comparatively few cases where the 
triangle or the circle is so effective a means of 
graphic representation as the rectangle. Generally, 
comparison of triat^ular and of circular areas is 
difficult. The distribution of the population of a 
country according to wealth is sometimes repre- 
sented by a triangle, the relatively numerous class 
of small property holders being represented by the 
large area at the base of the triangle, and the few of 
great wealth by the small area at the top. A dia- 
gram of this nature is, however, apt to be mis- 
leading. 

Circles are sometimes used to represent the fre- 
quencies or magnitudes by their areas. Since the 
area of circles varies as the square of their radii, 
it is common in drawing circles to represent a series 
of numbers to take the square roots of the numbers 
to be compared, as the radii. The eye is, however, 
unable to measure accurately magnitudes repre- 
sented in this way. 

A more effective use of the circle is that in which 
radii are drawn dividing the circle into segments, 
corresponding to the magnitudes to be represented. 
Thus, a circle may be divided into four parts, dis- 
tii^uishing the native White of native parentage, 
native White of foreign parentage, foreign-bom 
White and Colored. If two circles of equal size 
were drawn to compare the distribution of the 
urban and rural population by color, nativity, and 
parentage, one of the circles would represent the 
urban population and the other the rural, and by 
properly charting the segments these distinctions 
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between the two groups would be brought out 
clearly. 

6. Stereograms 
It is possible to represent three variables by the 
use of stereograms or solids, but these are difficult 
to construct and to reproduce in a volume. In 
its simpler form the stereogram may be briefly 
described as a projection of two systems of bar 
diagrams, representing in combination cross distri- 
butions of frequencies, 

7. Maps 

The ordinary use of the map for graphic repre- 
sentation is that in which the major or minor polit- 
ical divisions of a country have been outlined and 
the areas shaded according to the geographical 
intensity of the phenomenon represented. Thus, 
the percentage of illiterates in the population of the 
United States ten years of age and over might be 
shown for the different states by leaving in white 
those states in which illiteracy amounted to less 
than one per cent, hatching in light those in which 
it was from one to three per cent, hatching in darker 
those in which it was from three to five per cent, 
and so on, the area of states with an illiteracy of 
twenty-five per cent or more being filled in entirely 
black. This use of the map lends itself freely to 
the comparison of many kinds of phenomena, and 
is one of the clearest ways for showing sectional 
differences. The shading of the map should gradu- 
ate from light to dark in proportion as the intensity 



h. Google 



Graphic Represenlation 129 

Df the phenomenon increases. If colors are used, 
diifere;ices of shade in any single color should 
represent differences in intensity ; and differences 
in color should generally represent intensities of 
different orders. The number of shadings should 
not be so great that the eye cannot easily distinguish 
them from one another. 

8. Improper Use of Diagrams 
In the use of diagrams there are many dangers 
to be avoided. The most common of these have 
been noted in a preliminary report published by the 
Joint Committee on Standards for Graphic Pre- 
sentation. They are as follows: 

The general arrangement of a diagram should pro- 
ceed from left to right. 

Where possible, represent quantities by linear mag- 
nitudes, as areas or volumes are more likely to be mis- 
interpreted. 

For a curve the vertical scale, whenever practicable, 
should be so selected that the zero line will appear on 
the diagram. 

If the zero line of the vertical scale will not normally 
appear on the curve diagram, the zero line should be 
shown by the use of a horizontal break in the diagram. 

The zero lines of the scales for a curve should be 
iharply distinguished from the other coordinate lines. 

For curves having a scale representing percentages, 
: is usually desirable to emphasize in some distinctive 
way the 100 per cent line or other line used as a basis 
of comparison. 

When the scale of a diagram refers to dates, and the 
period represented is not a complete unit, it is better not 
to emphasize the first and last ordinates, since such a 
diagram does not represent the beginning or end of time. 
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When curves are drawn on logarithmic coordinates, 
the limiting lines of the diagram should each be at some 
power of ten on the logarithmic scales. 

It is advisable not to show any more coordinate lines 
than necessary to guide the eye in reading the diagram: 

The curve lines of a diagram should be sharply dis- 
tinguished from the ruling. 

In curves representing a series of observations, it is 
advisable, whenever possible, to indicate clearly on the 
diagram all the points representing the separate observa- 

The horizontal scale for curves should usually read 
from left to right and the vertical scale from bottoir 
to top. 

Figures for the scales of a diagram should be placed 
at the left and at the bottom or along the respective axes. 

It is often desirable to include in the diagram the 
numerical data or formulae represented. 

If numerical data are not included in the diagram, it 
is desirable to give the data in tabular form accompany- 
ing the diagram. 

All lettering and all figures on a diagram should be 
placed so as to be easily read from the base as the bot- 
tom, or from the right-hand edge of the diagram as the 
bottom. 

The title of a diagram should be made as clear and 
complete as possible. Sub-titles or descriptions should 
be added if necessary to insure clearness. 
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CHAPTER IX 

CORSELATIOH 

AT ANY given time, present conditions obtaining 

in society have been determined by the whole 

complex of natural and social forces which have 

p been operative in the past, and it is by taking 

account of these conditions at regular intervals that 

t the mass effect or resultant social tendency of these 

■ forces, that is to say, the direction and amount of 
social progress in successive periods, is determined. 

The age classification of the population, for 
example, as set forth in the Population Census, is 
determined directly by factors of natality and of 

■ mortality operative during a period of approximately 
one hundred years prior to the taking of the census, 
and indirectly by every influence, however remote 
in time, which has in its ultimate consequence in any 
way affected the natural vitality of the population. 
The present age distribution of the population, in 
fact, sums up the natural progress of the race from 
its most remote origins. Similarly, the accumulated 
wealth of a community at any given time embraces 
and sums up the teclmical development of wealth- 
producing processes, and every agency of social 
economy in the past. 

No social tendency is the simple and unrelated 

effect of a single cause. On the contrary, each 

131 



LJnnzprh.GoO^le 



132 Statistics 

social tendency is more or less intimately associated 
as a composite effect or resultant, and as a reacting 
and original cause with every tjther social tendency. 
This is as true in the social world as it is in the 
physical, in which the direction and velocity of 
movement of any falling body is the resultant of 
the gravity pulls upon it of the whole universe of 
matter, the resultant being constantly modified by 
the falling of the body itself. These gravity pulls 
may equally well be regarded as influences origi- 
nating in the falling body itself, which literally 
attracts the universe, and tends to cause a, displace- 
ment of other matter precisely equal to its own 
displacement, in mass, time, and space. The falling 
body typifies social phenomena. Every social ten- 
dency is a sort of gravitation, a response to social 
gravity pulls, and at the same time an influence 
causing general social displacement and readjust- 
ment, without any definite limit. 

In a word, social phenomena are universally cor- 
related, interrelated and mutually reactionary, and 
although this universal correlation cannot be estab- 
lished or proved statistically, it is, nevertheless, a 
working hypothesis upon which statistical inquiry 
proceeds. It follows that every social phenomenon is, 
on the one hand, an effect, and on the other a cause, I 
of other phenomena of equal social value. A com- 
plete analysis separating out all the influences acting 
and reacting in any social tendency is impossible, 
and frequently it is exceedingly difficult to isolate 
even the immediate principal influences. To take a ; 
single illustration entirely typical of social phe- 
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notnena in general, the decline in the birth-rate 
would appear to be one simple effect of a complex 
of social forces, vaguely comprehended in the term, 
civilization. To what extent, if at all, this decline 
is due to economic, or physical, or moral causes 
cannot be determined from any available data. The 
decline may be correlated with the accumulation of 
wealth, with changes in the price of food, with the 
increase in density of population, with the decline 
in the death-rate, with changes in the earning power 
of labor, with the entrance of women into wage- 
earning employments, with the development of cer- 
tain social vices, with the consumption of articles 
of luxury, or with any other index of social prog- 
ress or of social degeneration. In each case, if 
data are available, some degree of correlation will 
be found, either negative or positive, since the 
decline in the birth-rate is undoubtedly somewhat 
affected by each of the influences specified, and by 
many other influences besides. But since all of 
these influences are acting, coincidently, the precise 
effect of any one influence cannot be isolated by any 
manipulation of available data. It is equally impos- 
sible to determine the social reactions upon the 
decline of the birth-rate itself, — to determine, for 
instance, the ultimate social consequences of the 
decline in the size of families, which is involved 
with a decline in the marriage-rate and its social 
consequences ; or of the decline numerically of cer- 
tain social classes, and conceivably of population 
itself. It has been contended that decline in the 
birth'Tate was a cause contributii^ largely to the 
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decline of the Greek and Roman and of other dvili- 
zations in the past, and that in societies today the 
decline affects principally the upper classes, so that 
population blights out at the top. On the other 
hand, restriction of the number of children bom 
is r^arded as a means of insuring a higher stand- 
ard of living in the community and a more whole- 
some environment for the children bom. 

The increase of population in any community may 
be accurately determined by enumeration at regular 
intervals, but this increase will in every case repre- 
sent a complex of social causes which embrace all of 
those influences affecting the mortality, the natality, 
and the migration of population. As wealth accu- 
mulates, it may be noted that the death-rate and the 
birth-rate decline, but coinddently with the accumu- 
lation of wealth, there will have taken place other 
social changes, which may have affected the vitality 
of the population. In recent decades both the birth- 
rate and the death-rate have declined in practically 
all civilized communities, and an. effort has been 
made to determine the principal causes of this 
decline. 

While it is generally true of social phenomena 
that they caimot be completely analyzed, unless in 
any given case some relationship or correlation is 
established, one primary purpose of statistical 
inquiry has not been achieved. So long as the social 
tendency remains imcorrelated, it is an isolated 
phenomenon which cannot be intelligently compre- 
hended. It constitutes an unsolved statistical 
problem. 
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When confronted with such a problem, the statis- 
tician resorts to methods of correlation for the 
purpose of establishing a presumption that an 
immediate relationship of cause and effect does or 
does not obtain between two observed and statis- 
tically determined social tendencies. 

Although such a relationship cannot be proved or 
disproved by any statistical method, where a high 
degree of correlation is observed and determined, 
the probability that a relationship of cause and effect 
obtains is frequently so great as to amount to a 
demonstration. 

It is to be noted, however, that even a high degree 
of correlation may represent mere coincidence of 
phenomena. In a community in which the birth- 
rate is declining many other tendencies will be in 
evidence which cannot be presumed to have any 
appreciable effect upon the birth-rate. A consider- 
able degree of correlation might be found between 
the decline in the birth-rate and the extension of 
railroad mileage, in a community over a long period 
of time, or between the birth-rate and the increase in 
the number "of letters sent through the post-office. 
These correlations would be accidental and would 
not obtain in the annual fluctuations of births, mile- 
age, and letters. It is necessary to be constantly on 
guard against such accidental correlations in statis- 
tical work, since the statistical process, being purely 
mathematical, does not discriminate between a 
causal and an accidental relationship. 

As determined statistically, correlation is merely 
coincidence of social phenomena. Where two social 
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tendencies are .observed to move coincidently, or 
where a presumption of relationship obtains a 
priori; and the two tendencies are susceptible of 
quantitive measurement, the closeness and degree 
of coincidence can be mathematically determined 
and a coefficient of correlation calculated in accord- 
ance with formulae which have been generally ac- 
cepted by statisticians as giving an accurate measure 
of the closeness of coincidence. 

More generally, however, correlations are simply 
stated without the use of formulae, as coincident 
increases or decreases, or they are displayed graph- 
ically in simple curve diagrams. The number of 
immigrants arrivit^ each year in a given period 
may be directly compared with the number of com- 
mercial or industrial failures, with the number 
unemployed, with the voliune of output of certain 
basic industries, with the volume of bank clearings, 
with some index of price changes, or with any other 
statistical measure of industrial conditions, with a 
view to noting coincident or divergent changes, the 
presumption being that the volume of immigrattoo 
is affected more or less by fluctuations in industrial 
activity. 

An illustration of a display of correlation by a 
very simple diagram is given in the Statisticai 
Register of South Australia for i<fi$-i6} This 
diagram, covering a period of twenty-six years, 
comprises four curves showing, respectively, acre- 
age under wheat, production of wheat, average 
yield per acre, and mean rainfall from April to 
* Part m. Section i, p. 11. 
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November, by years. It is noted in the text accom- 
panying the diagram that "A remarkable similarity 
is noticeable in the curves for rainfall, total pro- 
duction, and average yield per acre," It would be 
possible by the use of conventional formulae to 
calculate the coefficient of correlation between the 
rainfall and the yield per acre, and between the 
rainfall and the total production. A comparison of 
these coefEicients would show whether the correlation 
of rainfall with yield per acre was closer and more 
immediate than the correlation with total produc- 
tion. The general coincidence of the increases and 
decreases in rainfall and in yield per acre and total 
production is, however, apparent in the diagram, 
which, in fact, gives information which could not 
be expressed by any simple coefficient of correlation, 
the specific changes from year to year being more 
significant than any summarization of the degree of 
coincidence in these changes. 

In many lines of statistical inquiry, however, the 
coincidence of change or fluctuation is of prime 
importance. This is particularly the case where 
reasonable doubt attaches to the presumption of any 
important or direct interrelationship, and where the 
purpose of the inquiry is to establish the fact and 
the degree of correlation. In such cases an accurate 
measure of correlation is essential. Economists 
have been in very general disagreement in their 
several estimates of the factors aflectii^, for 
example, the general level of prices in a community, 
including the effect upon prices of fluctuations in 
the quantity of money, checks, or other credit 
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instnunents in circulation, in the quantity of gold 
produced, in the rate of interest or discount, or 
foreign exchange, in the volume of bank reserves 
and deposits, and in such intangible factors as busi- 
ness distrust or confidence, monopolistic combina- 
tions, and manipulation of the market. In such 
cases where the degree of correlation between any 
two observed phenomena may not be apparent in 
a simple tabulation and charting of the data, some 
refined measure of correlation may be required. 

Such a measure is, perhaps, of more obvious 
scientific value and of greater practical utility in 
those lines of scientific inquiry in which the data 
are characteristically more precise and simple than 
are the data of the social sciences. In social phe- 
nomena the correspondence of tendencies must 
generally be large and obvious in order to be entirely 
convincing, and where a refinement of measurement 
is required to uncover the correspondence, the re- 
finement will generally impose upon the data an 
unwarranted degree of accuracy and of directness 
and certainty of inter-relationships in social ten- 
dencies. It may be shown, for example, that the 
tendency to commit crime varies with age, rising 
to a maximum in a certain age period and declining 
in more advanced ages, while the tendency to suicide 
increases with advancing age. These tendencies 
might be apparent in the statistics of crime and of 
suicide covering a period of years, under varying 
economic conditions, and in different communities 
and population classes showing different rates of 
criminality and of suidde. For the entire mass of 
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data classifying crime and suicide by age, co^cients 
of correlation might be calculated which would 
measure accurately the correlation between age and 
crime, and between age and suicide, and determine 
formally that the correlation between age and crime 
was greater, or less, than the correlation between 
age and suicide. But this whole process of refine- 
ment would be imposed upon data showing rates of 
crime and suicide affected by other factors than 
age. Coincidently with growing old, many condi- 
tions of life change, and some of these external 
changes may be important factors in developing or 
suppressing the tendency to crime or to suicide. 
The mathematical process measures the apparent 
correlation precisely, but it does not, of course, re- 
move the uncertainty attaching to the original data 
as regards other conditions of the rates than merely 
growing old- Until these other conditions can be 
subjected to the same degree of refinement as the 
age conditions, our knowledge of the effect of the 
age factor, even after mathematical calculation of 
the correlation measures, will still be fairly ex- 
pressed in general terms, rather than in precise 
numerical terms. 

The graphic method of representing correlations 
does not require any special treatment. Two curves, 
representing supposedly related phenomena, as, for 
example, mean rainfall and average yield of wheat 
per acre, over a series of years, are brought into 
proximity by an adjustment of scales, and the extent 
to which fluctuations in one curve correspond with 
similar positive or negative fluctuations in the other, 
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13 noted. The correspondence, or lack of corre- 
spondence, can be observed and described in general 
terms, but such a graph, although it displays the 
correlation, does not measure it. 

If it is proposed to measure the correlation pre- 
cisely, the data must be subjected to rather involved 
mathematical treatment. The mathematical deriva- 
tion of the formula for determining the coefficient 
of correlation is set forth in detail in the more com- 
prehensive systematic treatises dealing with the 
mathematical aspects of statistical computations.* 
This derivation and the characteristics of the co- 
efficient of correlation will be of interest to the 
advanced student engaged in statistical research. 
Such a student will require a much fuller account 
of the mathematical principles and processes in- 
volved than could be undertaken in the present chap- 
ter, which is restricted to a simple statement of the 
formula for determining the coefficient, and to a 
simple illustration of the method of finding it in the 
case of two variables. 

The method of finding the standard deviation for 
a series of numbers has been explained in a pre- 
ceding chapter (see page 107). The coefficient of 

' See, for example, G. Udny Yule's An Introduction to tht 
Theory of Statistics, Chaps, ix, x, xi, xu; and A. L. Bow- 
ley's EUments of Slatistic^, Part 11, Section vi. For an 
illustration of the use of the correlation coefficient in test- 
ing the validity of certain economic hypotheses, see Prof. 
Persons' article "The Correlation of Economic Statistics' 
in the American Statistical Association's Quarterly, Dec, 
191Q. General reference may be made, also, to the Jaitrrui 
of the Royal Statistical Society for discussions of metlioids 
of measuring correlation. 
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correlation measures the closeness of correspond- 
ence in the fluctuations of two series of numbers 
with reference to the arithmetic means of the series. 
It is a fraction whose numerator is the sum of the 
products of the corresponding deviations, and whose 
detiominator is the product of the standard devia- 
tions of the series, and the number of observations 
or comparisons. If two series, X and Y, be taken, 
and the deviations from the mean of the two series 
be represented by x„ x,, x, . . . x^, and y,, y„ y, . , .yn, 
respectively, the standard deviations by (Tj and o-j, 
the number of observations by N, and the coefficient 
of correlation by r, the formula for findii^ the 



coefficient is 






The method of finding the coefficient is simply 
illustrated in the following table, taken with slight 
modifications, from the article by Professor Persons 
on "The Correlation of Economic Statistics."^ 
X V X y X- y" xy M,=3 

I 2-^-4 4 16 8 Mi = 



Professor Persons explains that in making up the 
two series — 

.... the numbers were chosen so that for an increase 
of I unit in the X series there is an increase of 2 units 
^Amer. Stalisl. Assn. Quarterly, p. 399, Dec., igio. 
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in the Y series. Thus the correlation is perfect and 
r equals +i. If the Y series had been [10, 8, 6, 4. 2] 
the X series remaining the same,) the value of r 



y: 



T, 



Ftt.1 

would have been — i. Thus — I stands for perfect 
negative correlation, an increase in one series corre- 
sponding to a decrease in the other. It should be noted 
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in this connection that the coefKcJent of correlation (r) 
cannot be less than — i nor more than +i.^ 

If it be assumed that the number of the X and Y 
series relate to specific years, say to the year 1910- 
1914, they may be represented graphically as shown 



Fig. 2 

in Fig. I, in which the lines giving perfect positive 
correlation (X and Y,) and perfect negative cor- 
relation (X and Y2) are plotted. 
While the lines plotted on Figure i represent spe- 
D A. L. 
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cifi,c cases of perfect positive and perfect negative 
correlation, it may be observed that any other two 
straight lines imposed upon the diagram would 
equally well represent perfect correlation either posi- 
tive or negative, since the absolute divei^ence or 
convergence of any two straight lines is constant 
from year to year. 

By reference to the formula it will be apparent 
that r can equal O only in case the sum of the prod- 
uct deviations equals O. Such a case is illustrated 
in Figure 2, 

X =1, 3, 4. 3, 4 M, = 3 

Y, = 6. 4, 6, 8, 6 M,=6 

Y,=6, 8. 6, 4. 6 M,=6 

r=0 
Figure 2, also, illustrates simply specific cases of 
r = O, or no correlation, negative or positive, be- 
tween X and Y, An infinite number of other cases 
of no correlation might be arrai^^ by modifying' 
the series arbitrarily. 

It will be obvious that each other value of r, be- 
sides +1, -I and O, may be represented by various 
arrangements and compositions of X and Y, indi- 
cating that the same degree of correlations may 
obtain between X and Y in an infinite number of 
cases or arrangements of the series. Figure 3 illus- 
trates one of the infinite number of cases of imper- 
fect correlation, each of which gives as the coeffi- 
cient, r=—.^. The series is as follows: 

X =1, 2, 3, 4, 5 M,=3 

Y, = i,2, 4,7, II M. = 5 

Y.= ii, 7. 4.3. I • M.=-s 
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The number of X, Y arrangements, or composi- 
tions representing any given value of r, is infinite, 
and the number of values of r, between -i and +l 
is infinite. As regards correlation, therefore, the 
coefficient r provides a perfect measure of infinitely 
fine graduation, 

Y, 



Tx 



Fia. 3 
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In practical statistical work, any two series '^ 
numbers may be taken as X and Y. Mr. Yukl ^ 
illustrations of correlation include, for exampl< '^ 
bioli^cal measurements ; ages of husbands an ^1 
wives ; stature of fathers and sons ; number of chi "^ 
dren of mothers and of their daughters ; call di: i' 
count rates, and percentage ratio of reserves t *: 
deposits ; proportion of male births, and number " 
births ; earnings of agricultural laborers, and pet 'I 
centage of population in receipt of poor relief ; pel " 
centage of males over sixty-five years of age J * 
receipt of poor relief, and number relieved out 
doors to one indoors; infantile mortality per i,oo 
births, and general mortality per 1,000 living; pel 
sons married per 1,000 population (marriage-rate) 
and values of exports and imports per capita, eac 
year 1855-1904. 

In the last case noted, in order to eliminate thJ 
effect of the long-time trend of the marriage-ratt^ 
and separate out the annual fluctuations, for com: 
parison the differences between the annual marriage* 
rates and nine-year averages are taken instead ol 
the annual marriage -rates themselves. 

Either the X series or the Y series, or both ths 
X and the Y series may represent means of fre- 
quency distributions, the X series, for example, 
representing the mean age of husbands classified by 
age of wives, and the Y series mean age of wive^ 
classified by age of husbands. If in this case no 
relationship or correlation obtained between the aga 
of the husband and the age of the wife, the age dis- 
tribution of husbands would be the same for each 
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class of husbands defined by age of wife, and sim- 
ilarly of wives classified by age of husbands. The 
mean age of husbands would not vary with age of 
wife, nor the mean age of wives with age of hus- 
Eiand. In fact, however, the ages of husbands and 
wives are closely correlated, and this correlation 
may be measured by taking the means for the hus- 
band classes as the X series, and the means of the 
wife classes as the Y series, finding the deviations 
from the mean age of husbands and wives and pro- 
ceeding as has been explained. 
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